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By Scale and Compaſſes, 


Two ſeveral ways. G 
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By a Trifonal Inſtrument, Accommodated with 
Lines for that purpoſe : 


_ Geometrical Part whereof is performed by Project ing of 
the Sphere in Plano, upon tho Plain it ſelf, whereby not 
only the Making, but the Reaſon of Dials alſo is diſcover'd. 
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to all ſores of Sun-Dials, ſuch Circles of the Sun's Courſe as gives the Hour 
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CONNEX T URE 


OF 


GEOMETRICAL PROBLEMES, 
AND 


ASTRONOMICAL ELEMENTS, 


—O—— 


PROBL. I. 
QOpon a Right Line given, to erect a Perpendicular. 


DEFINITION. 


Right Line is ſaid to be Perpendicular to another 

Line, when 1t maketh the Angles on either ſide 

ot the erected Line, equal, that is, ſo that the 

Line inclines not,cither to the right orto the left, 

but ſtandeth upright upon the Line,upon which it is erect- 

ed, as in the following Figure, the Right Line A B is ſaid 

to be perpendicular to the Line C D, upon which it 1s ere- 

cted, becauſe the Angles on either fide thereof are equal; 

namely the Angle AB C on the one ſide, 1s equal to the 

Angle ABD, on the other fide ; and cither of theſe Angles 

are called Right Angles, and the Line AB (oerected, 1s cal- 
led the Perpendicular. 

B PRA- 


(2) 
PRACTICE. 
Let CD be a Right Line given,and let it be required to 


erect a Perpendicular thereupon from the point B: Open 


your Compalles to any convenient ſmall diſtance, and ſet- 
| ting one Foot in the point 


B, with the other, make 


og AH the two marks E and F, 
i? on cither ſide of the point 
H G B. ---This done,open the 


Compaſles to any other 
convenient diſtance grea- 
ter than the former, and 
ſetting one 1n the point 
——— þ E, with the other draw 
C WF D the obſcure Arch GG, as 


near as you may gueſs over the given point B. Again (the 
Compaſles being (till opened to the ſame diſtance) ſct one 
foot 1n the point F, and with the other Foot deſcribe ano- 
ther obſcure Arch H H, croſſing the former in the point 
A, ſois A the point through which, if you draw a right 
Line from the given point B,that Right Line A B, ſo drawn, 
ſhall be Perpendicular to the given Line C D, and from the 


point B, as was required, 


PROBL. IL. 


How upon (or near) the end of a given Right Line, to ere 
a Perpendicular. 


(3) 
The Firſt Way. 


Let AB be a Line given, and from the point A, which is 
towards the end thereof, let it be rcquired to cre(t a Per- 


7 Rr 6 5 
pendicular A C. ——Firſt, Open your Compaſles to any 
ſmall diſtance, and ſetting one foot in the given point A, 
with the other deſcribe the Arch F E D, then ſet one foot 
of the Compaſles in D, (they being opened to the ſame di- 
ſtance ) croſs the Arch in E, and ſetting one foot in E, with 
the other deſcribe the Arch AF G crofling the firſt archin 
F. Again, ſet one footinF, and with the ather deſcribe the 
ſmall arch HH, croſſing the former in the point C- fo the 
line A C being drawn, it ſhall be perpendicular to the gi- 
ven Line AB, and from the point A, as was required. 


The Second Way. 


Let B be the point given, and from it let it be required 
todraw thelineBI, Perpendicular to A B, -----Open the 
Compalles to any ſmall diſtance, and ſetting one foot inthe 
given point B, pitch down the other foot at all adventures, 
as at K, ſo thc ane foot —_ K,turn the other foot m_ 

2 t 


(4) 
till it croſs the given lineA Bin L, then draw the line K L, 
and ſet the ſame diſtance K L, (at which the Compaſles al- 
ready ſtand)from K to M,ſo a Line drawn from B, through 
M, ſhall be Perpendicular to A B, and from thegiven point 
B, as was required, 


PROBL- HL 


How from a Point above, to let fall a Perpendicular to 4 
Right Line gizez. 


N this there are two Caſes, Firſt, when the point above 


1s over( or near) the Middle of the Line. And Sccondly, 
when the Point above 1snear over the End of the Line. 


The Firſt Caſe. 
Let N O be a Right Linegiven, and from the point P, 


over it, Jetit be required to let fall the Perpendicular P Q. 
---Firſt open your Compaſles to any diſtance greater than 


y 


ox 


". ql = FS 
ET os. as Q Wai ooens on OW 


P Q,and ſetting one foot inthe given point P, withthe other 
deſcribe an Arch of a Circle,cutting the given line N O, in 
the points R and S. Then, Secondly, divide the ſpace be- 

| tween 


(5) 
tween R and S1n two equal parts in Q, (by the Forfrth 
Probleme following) fo aline drawn from the given point 
P, to Q, ſhall be Perpendicular to the given lineN O. 
The Second Caſe. 

Let V be the point given, from whence tolet fall a Per- 
pendicular to the line N O, ----Firſt, from any part of the 
given line NO, asfrom T, draw a right Line to the given 
point V, which Line (by the next Problem) divide into 
two equal parts in the point X, with that diſtance of the 
Compalles (one foot being placed in X) with the other de- 
ſcribe the Arch (or Semicircle) V OT, cutting the given 
line N OinO, ſoa Line drawn from V to O., {hall be Per- 


pendicularto the given lineNO, and towards the end thercof, 
as was required, 


— 


— —— 


—— 


PROBL. IV. 


How to divide a Right Line given, into Two Equal parts,and 
at Right Angles. 


Et the line A Bbealine given, to be divided into two 
cqual parts at Right Angles. Take in your Compaſles 
| the length of the line A B, or 
| ot (if that be roo long) any other 
1. diſtance above halt the length 
, thereof, and ſetting one foot in 
theend A, with the other draw 
| : the Arch C m_ _ — 

- — alles unaltered) (et one footin 
:D B and a er foot crols 
the former arch(both aboveand 

n below the line) in the points 
 " 528 F and G; then a line' drawn 
E 48 from F toG, ſhall cut the given 
o Line in H, ſo ſhall A B be di- 
| vided in two Equal _— in 
int H, and at Right Angles, whichwasrequired. 

the Po p g gets, J PROBL 


CT: 


- 
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PROBL.V. 
A Right Line being given, how to draw another Right Line, 
which ſhall be Parallel thereunto, at any diſtance required, 
or through any point aſſegned. 


DiEFINAITTIO N. 
F Parallel Lines, there areprincipally Two kinds,viz. 
Streight or Right Lined Parallels, and Circular Paral- 
lels. All Cricles that are deſcribed or drawn upon the ſame 
Centre, whether they be grea- 
ter or leſſer one than the 0- 
ther, are ſaid to be Parallel 
or Concentrick Circles, as the 
Circle A B C D, may be ſaid 
to be a Concentrick Circle with, 
or a Parallel Circle to EF G 
H, becauſe both of them are 
deſcribed or drawn upon the 
ſame point or Centre O; and 
of both theſe Circles,the right 
line A C isthe Diameter of the 
Greater Circle, and E G of the Leſer, the point O is the 
Centre of both, and all Right Lines drawn from thence 
to the Perifery, Circumſerence, or Limb of cither of the 
Circles, are Equa], and are called ſometimes the Semidia- 
miters, and ſometimes the Radius of the Circle, as the lines 
O Cor OB of the Greater,and O HandO E ot the Leſer : 
It containing 60 ſuch Degrees or Parts, of which the whole 
Circle contains 360. 
But Right Lined Parallels, are ſuch Right Lines, that 
being drawn upon the ſame Plain, and infinitely extended 
on either ſide,would never con- 


B CW cur or meet, but always in all 
parts, retain an equal diſtance, 

B D and ſuch arc the right lines B C, 
and B D, in the Margin. 


In 


2, 


CF 


In the deſcribing or drawing of Parallel Lines, there 
may fall out Two Caſes or Varieties: As, 
I. 


It may be required to draw a Right Line Parallcl to 
another Right Line, at a Diſtance given - Or, 

It may berequired to diaw the Parallel Line through 
a Point aſſigned. 
And of Ris kind there may be two Caſes 3 For, 
The given Point may be Over or Under the Gruen 


Line ; Or, 


. It may be Oblique to the given Line. 


PRUSCTaCEA 
Of the Firſt Caſe. 


Let E F be a Right Line given, and let it be required to 


G 


Hy 


draw another 
—— = _ 
a - 7 = parallel there- 
unto, at the 


Diſtance of 


my” 6 the Points G 
and H. 


Take in your Compaſles the given diſtance G H, then 
{ctting one foot of the Compatlles in E,Cor any other point 
near the ends of the given Line) deſcribe a ſmall obſcure 
Arch of a Circle, as I K. Then moving the Compalles to 
F (towards the other end of the given Line) deſcribe ano- 
ther obſcure Arch as L M; then lay a Ruler to the ver 

top of theſe two Arches, ſo that the Ruler do not croſs 
but juſtly touch either of them: then by the ſide of the 
Ruler draw the Line N Q, and it ſhall be Paru/el to the 
given LineE F, and at the diſtance G H, which was re- 


quired. 


(9) 
The Second Caſe. 

Let PQ be a Right Line given, and let it be required 
to draw another Right Line Parallel thereunto, which 
{hall paſs through the point R. 

Firſt, Set one foot 


z —reres NW of your Compaſles in 

iv Ny 5 TP. the givenpoint Rand 
EE with the other take 
6. R the nearcſt diſtance to 


the given Line P Q ,which 1sdoneby opening or ſhutting of 
the Compatlcs, till the moveablepoint do only touch the gi- 
ven line PQ, deſcribing the Arch $ T. The Compalles 
ſtill reſting at this diſtance, ſet one foot in P, (or any o- 
ther points towards the end of the given Line) and with 
the other foot deſcribe the Arch V X. Laſtly, By the very 
top of this Arch Y,draw the Right Line Y R, and it ſhall be 
Parallel to the given Line PQ, and ſhall paſs directly 
through the given Point R, which was required. 
The Third Caſe. 

Let A B be a Right Line given, and let it be required to 
draw another Right Line Parallel thereunto, which ſhall 
paſs through the Point C. 

Take 11 your Compatles the diltance from the given 
FB, Point C, to the 
end of the gi- 
ven line B, then 
-F ſet one foot in 
Was > nog A,the otherend 
4 of the given 

's line, and with 
the other Foot deſcribe the Arch F G. Again, Take in 
your Compaſles the length of the given line A B, and ſet- 
ting one foot of that i in C, with the other deſcribe 
the arch DE, crofling the former arch in the point H, ſo 
the Line H C being drawn, ſhall be Para/el to the Line 
A B, and ſhall paſs through the given point C, as was re- 
quired, PROBL. 


© 
| 


% I 
#3 
. 


EK. 


(9) 
PROBL. VI. 


Three Points (which are not in 4 ſtraight Line) being 
TS: how to Bd the Centre of 4 Curcle, which ſhall paſs 
tbroueh thoſe Three given Points. 


Fr the three given points be A Band C, through 
|| which 1t 15 wood a Circle ſhould be deſcribed : 
Fult, St one Foot of the Compalles in one of the given 


points as in A, and 
c 


: extend the other foot 

. M1 to B, another of the 
”% Points, and draw the 

; arch of a Circle G F 

Fg D, -----Secondly, the 

f Compalles not altcr- 


ed, fect one foot in B, 
and with the other, 
croſs the former Arch 
withtwoſmall Arches, 
inthe points Dand E, 
and draw the Right 
Line D E. ---- Third- 
ly, ſet one foot of the 
Compatles in the third 
oint C, ( they ſtill 
naerFs the ſame di- 
ſtance) and with the 
: Other foot croſs the 
firſt drawn Arch, G F D, in the polnts F and G,and draw 
the Right Line F G, croſſing the former right line DE,in 
the point O. So is O the Centre ſought for ; upon which, if 
you deſcribe aCircle at the diltance O A, it (hall paſs through 
all the three given Points A B and C, as was required. 


C PROBL. 


(10) 


Two equal Parts. 


PROBL. VII. 


4 Two Points within a Circle being gizen, how to find the 

| Centre of a Circle, which being deſcribed, ſhall paſs 
| through the Two Given Points 3 and ſhall aljo divide 
the Peritery or Circumference of the given Circle into 


| E and the foregoing Propoſition,come in continual 
1 : uſe and practice throughout this work, and therce- 
tore ought more eſpecially to be minded. 
| Let the Circle given be ABCD, and the two Points 
I within the ſame, be E and F 


Firſt, Through <e1- 
ther of the given Points 
Cas E, ) draw a right 
lIinc ED; which muſt 
pals through the Cen- 
tre of the given Circle 
at R. ---- Secondly, To 
this line B D, draw the 
linc A C, through the 
Centre, and at right 
angles to BD--- Thi:d- 
ly,From the given point 
E, draw a right line E 
A, and upon the end 
thereof A, (by the 2. 
Probl.) ercft the Per- 
pendicular A G, croſ- 
ſing the Line B D, (it 
being extended) in the 
point G, ſo ſhall G be 
a third point, and then 


having the three points E Fand G, (by the laſt Problem) 


you 


(11) 

may find a Centre, upon which a Circle being delſcri- 
bed, ſhall paſs, whoſe Centre will be at H, without the 
given Circle, upon which point, if you deſcribe the arch 
of a Circle at the extent or diſtance of H E, H F, or HG,it 
ſhall paſs through the two given Points E and F, and ſhall 
alſo divide the given Circle A B C D,into two equal parts 
in the points M and L, which was required. And that 
this Arch thus drawn doth dividethe given Circle into two 
cqual parts is evident, for a Line drawn from L to M, will 
paſs direaly through the Centre of the given Circle, ard 
{hall therefore divide it into two cqual parts, 


—_—  —— — — ——— {-_ _ — — a. —_ 


PROBL. VIIL 


How to make a Line of Chords Geometrically, to any aſſagu- 


ed Length or Radius. 


Oraſmuch as through this whole Treatile, there 15 con- 
tinual mention and uſe made of a Line ot Chords, 1t 
will not be impertinent in this place to diſcover the _— 
thereof, for the convenience of ſuch, as at all times, an 
in all places, cannot have the benefit of the Mathematical 
Inſtrument-maker, to whom thele things are common. 


DEFINITION. 


A Line of Chords is no other than 60 Degrees of the 
Arch of any Circle, transferred from the Limb of a Circle 
to a Streight Linc; now every Circle great or ſmall, 1s 
divided (or ſuppoſed ſo to be) into 360 equal parts,called 
Degrees, 1o the Semicircle contains|80, the Quadrant go, 
and the Radizs or Semidiameter (which 1s that Line upon 
which the Circle or Scmicircle 1s deſcribed) noted in the 
following Figure with the Letters A B, is always equal to 
60 degrees of that Circle which it deſcribes, and —_ 
C 2 60 de- 


22 


(12) 
6 degrees of a Line of Chords is called the Radizs thereof. 
Thus much for the Definition of a Line of Chords, now for 


The CONCLUSION. 


Fiſt, Draw a Right Line of any length, as C B D, and 
upon the middle thereof, (by the Firſt or Fourth Problem) 
erect the Perpendicular A B. 

Scecondly,Open your Compatles to the Radizs,or length 
that you would have your Lire of Chords to be of, which 
ſuppoſe AB, (which I make here equal to the Line of Chords 
& at moſt of the Schemes and Diagrams in this Book were de- 
ſcribed by) and with that diſtance upon B, as a Centre, 
deſcribe the Scmicircle C A D, which 1s divided into 
two cqual parts or Quadrants by the Perpendiculac Line 
AB. 

Thirdly, Divide the Arch or Quadrant A R D, into 
90 equal parts or degrees, which you may do in this man- 
rer | Take the length of the Line A B, and ſet that dt- 
ſtance upon the Quadiant A UV, fomDroR,fois DR 
60 deg. and A R 3o deg. Then take the diſtance A R, 
and ſet it from D to S, fo is the Quadrant divided 1n- 
to three equal parts, at the points Sand R, cach contain- 
ig Jo deg. | 1s done, divide the (cveral (paces between 
A,RS, and $ D, into 3 cqual parts, each of which 
will be 10 deg. according as you fee the numbers (ot to 
them, thele muſt be again divided into two equal parts, 
cach part containing 5 degrees, and every of thoſe into 
tive ſmaller, as you ſee in the Figure,and ſowill the whole 
(Quadrant be divided into 90.) 

Fourthly, The Quadrant AR SD being thus divided 
into 90 parts or degrees, ſet one foot of your Compaſles 
in D,and open the other toot to A, and deſcribe the Arch 
AEF, touching the Line CDin F, fois the point F, up- 
on the Right Line C D, the Chordof go deg. 


Fifthly, 


(13) 

Fifthly, Open the Compall: Ss from D to @: deg. and 
deſcribe the Arch 85 G H, fo fhall the point H be the 
Chord of 2c deg. 


= H i pm—_— A 
"Yu > [8s [70 6 [25 (40. 


Sixthly, Open the Compailes from D to 70, and de- 
ſcribe the Arch 70 1 K, fo 1s Kthe Chord of 70 deg. 

Again, Open the Compatles from D to R, the Radius, 
or 60 deg. anl detcribe the ArchR LB, fois B the Crourd 
of 65 deg. equal to the Rawutis, 

Do the like with 50, 49432,20 and 10 deg. So fhall yon 
tive the lic DF vvide] ito vo uncqu.l arts called 
(Lords. 

In this manner may you make a Line of Chards of any 
Jenath, and (ferit wona Ruler, and it is tit for to perform 
all the uf.'s in this Book, and it were convenient that UWpPO!1 
one ard the fan. Ruler, \ 1 had threes tour, or hive Chords 
of (everal Ienaths or Radintts, as in Practice you will find 
to be nccclary and commaucli0us. 


Bing thus procided of a Þ ine of Chords, I will now ſoew 
10t how to work two Conclutons GCeomdarically, wh h arc 
of abſolute uje 11 Dialling, the one is to find the Hour 
of the Day, 2.1 the other is to find the Az\muth of the 
Sun at any time, an in any place. And with them 1 
ſhall conclude the ſe Geometrical Problemes, and Altro- 
nomical Elements. 


ol Ajt: = 
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PROBL.V. 
A Right Line being given, how to draw another Right Line, 
which ſhall be Parallel thereunto, at any diſtance required, 
or throuch any port alſagned. 


DEFINITION: 
F Parallel Lines, there are principally Two kinds,v7z. 
Strereht or Right Lined Parallels, and Circular Paral- 
l:ls. All Cucles that are deſcribed or drawn upon the ſame 
Centre, whether they be grea- 
ter or lefler one than the 0- 
ther, arc ſaid to be Parallel 
or Concentrick Circles, as the 
Circle A B C D, may be ſaid 
to be a Concentrick Circle with, 
or a Parallel Circle oEF G 
H, becauſe both of them are 
deſcribed or drawn upon the 
ſame point or Centre O; and 
of both theſe Circles,the right 
line AC isthe Diameter of the 
Greater Circle, and E G of the Leſſer, the point O is the 
Centre of both, and all Right Lines drawn from thence 
to the Periſery, Circumſerence, or Limb of cither of the 
Circles, are Equa), and are called ſometimes the Semidia- 
miters, and ſometimes the Radius of the Circle, as the lines 
O Cor OB of the Greater,and O HandO E of the Leſſer : 
It containing 60 ſuch Degrees or Parts, of which the whole 
Circle contains 360. 
But Right Lined Parallels, are ſuch Right Lines, that 
being drawn upon the ſame Plain, and infinitcly extended 
on either (ide, would never con- 


B— cur or meet, but always in all 

B D parts, retain an equal diſtance, 
and ſuch arc the right lincs B C, 
and B D, in the Margin. 


In 


2, 


C73 


In the deſcribing or drawing of Parallel Lines, there 
may fall out Two Caſes or Varieties: As, 
'Þ 


It may be required to draw a Right Line Parallel to 
another Right Line, at a Diſtance given - Or, 
It may berequired to diaw the Parallel Lie through 
a Point aſligned. 

And of this kind there may be two Cuſes 3 For, 
The given Point may be Over or Under the Gruen 


Line ; Or, 


. It may be Oblique to the given Linc. 


PRACTICE. 
Of the Firſt Caſe. 


Let E F be a Right Line given, and let it be required to 


G 


| L. | 


draw another 

— _, 
FJ I jo as parallel there- 
unto, at the 

Diſtance of 


E F the Points G 
and H. 


| Take in your Compalles the given diſtance G H, then 
; {ctting' one foot of the Compalles in E,Cor any other point 
| near the ends of the given Line) deſcribe a ſmall obſcure 


Arch of a Circle, as I K. Then moving the Compatles to 
F (towards the other end of the given Line) deſcribe ano- 
ther obſcure Arch as L M; then lay a Ruler to the very 
top of theſe two Arches, ſo that the Ruler do not crols, 
but juſtly touch either of them: then by the ſide of the 
Ruler draw the Line N OQ, and it ſhall be Par/el to the 
given LineE F, and at the diſtance G H, which was re- 


quired, 


(8) 
The Second Caſe. 

Let PQ be a Right Line given, and let it be required 
to draw another Right Line Parallel thereunto, which 
{hall paſs through the point R. 

Firſt, Set one foot 


z WP ” os of your Compaſles in 

$ % 5 T- the givenpoint Rand 
6.2 - with the other take 
RE. R the nearcſt diſtance to 


the given Line P Q ,which isdoneby opening or ſhutting of 
the Compaſlcs, till themoveablepoint do only touch the gi- 
ven line PQ, deſcribing the Arch $ T. The Compaſlles 
ſtill reſting at this diſtance, ſet one foot in P, (or any o- 
ther points towards the end of the given. Line) and with 
the other foot deſcribe the Arch V X. Laſtly, By the very 
top of this Arch Y,draw the Right Line Y R, andit ſhall be 
Parallel to the given Line PQ, and ſhall paſs directly 
through the given Point R, which was required. 
The Third Caſe. 

Let A B be a Right Line given, and let it be required to 
draw another Right Line Parallel thereunto, which ſhall 
paſs through the Point C. 

Take in your Compaſles the diſtance from the given 

© Pp Point C, to the 
" DJ - end of the gi- 
ven line B, then 
: Þ {et one foot in 

h ft « —_— A,the other end 
Ro of the given 

'6. iD | line, and with 

the other Foot deſcribe the Arch F G. Again, Take in 
your Compaſles the length of the given line A B, and ſet- 
ting one foot of that diſtance in C, with the other deſcribe 
the arch DE, croſling the former arch in the point H, fo 
the Line H C being drawn, ſhall be Para/el to the Line 
A B, and (hall paſs through the given point C, as was re- 
quired. PROBL. 
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PROBL. VI. 


Three Points (which are not 1m 4 ſtraight Line) being 
_— how to fd the Centre of 4 Circle, which ſhall paſs 
through thoſe Three given Points. 


+ three given points be ABand C,, through 
|| yh it is ad a Circle ſhould be deſcribed : 
Firſt, Set one Foot of the Compalles in one of the given 
points as in A, and 
es Ce extend the other foot 

14D to B, another of the 
P i 3. Points, and draw the 
arch of a Circle G F 
D, ----- Secondly, the 
Fl Compatles not altcr- 
; ed, fect one foot in B, 
and with the other, 
crols the former Arch 
with two ſmall Arches, 
inthe points Dand E, 
and draw the Right 
Line D E. ---- Third- 
ly, ſet one foot of the 
Compatles in the third 
_ C, ( they (till 

ceping the ſame di- 
ſtance) and with the 
Other foot croſs the 
firſt drawn Arch, G F D, in the polnts F and G,and draw 
the Right Line F G, croſſing the tormer right line D E,in 
the point O. So is O the Centre ſought for ; upon which, if 
you deſcribe aCircle at the diſtance O A, it (hall paſs through 
all the three given Points A B and C, as was required. 


C PROBL. 


PROBL. VII. 


Two Points within a Circle being giver, how to find the 
Centre of a Circle, which being deſcribed, ſhall paſs 
through the Two Given Points 3 and ſhall alſo divide 
the Perifery or Circumference of the given Circle into 
Two equal Parts, 


His and the foregoing Propoſition,come in continual 
uſe and practice throughout this work, and there- 
tore ought more eſpecially to be minded. 
Let the Circle given be A BCD, and the two Poirfts 
within the ſame, be E and F. 


Firſt, Through e1- 
ther of the given Points 
(as E, ) draw a right 
lIinc ED; which muſt 
paſs through the Cen- 
tre of the given Circle 
at R. ---- Sccondly, To 
this line BÞ D, draw the 
linc A C, through the 
Centre, and at right 
angles to B D--- Third- 
ly,From the given point 
E, draw a right line E 
A, and upon the end 
thereof A, (by the 2, 
Probl.) ercft the Per- 
pendicular A G, croſ- 
ſing the LineBD., (it 
being extended) in the 
point G, ſo ſhall G be 
a third point, and then 


having the three points E Fand G, (by the Jaſt Problem) 


you 


© Tron. 


| 
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may find a Centre, upon which a Circle being deſcri- 
bed, ſhall paſs, whoſe Centre will be at H, without the 
given Circle, upon which point, it you deſcribe the arch 
of a Circle at the extent or diſtance of H E, H F, or HG,it 
ſhall paſs through the two given Points E and F, and ſhall 
alſo divide the given Circle A BC D,into two equal parts 
in the points M and L, which was required. And that 
this Arch thus drawn doth dividethe given Circle into two 
cqual parts is evident, for a Line drawn from L to M, will 
paſs diretly through the Centre of the given Circle, and 
{hall thercfore divide it into two equal parts. 


—TO I —_—_—__  __——— —— ——  — — a. — 


PROBL. VIII. 


How to make a Line of Chords Geometrically, to any aſſagu- 


ed Length or Radius. 


Oraſmuch as through this whole Treatile, there 1s con- 
tinual mention and uſe made of a Line of Chords, it 
will not be impertinent in this place to diſcover the —_— 
thereof, for the convenience of ſuch, as at all times, an 
in all places, cannot have the benefit of the Mathematical 
Inſtrument-maker, to whom thele things are common. 


DEFINITIOGCR 


A Line of Chords is no other than 60 Degrees of the 
Arch of any Circle, transferred from the Link of a Circle 
to a Streight Line; now every Circle great or ſmall, 1s 
divided (or ſuppoſed ſo to be) into 360 equal parts,called 
Degrees, 1o the Semicircle contains|80, the Quadrant yo, 
and the Radixs or Semidiameter (which 1s that Line upon 
which the Circle or Scmicircle 1s deſcribed) noted in the 
following Figure with the Letters A B, is always equal to 
60 degrees of that Circle which it deſcribes, and —_— 
C 2 60 de- 
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60 degrees of a Line of Choyds is called the Radias thereof. 
Thus much for the Definition of a Line of Chords, now for 


The CONCLUSION. 


Fiſt, Draw a Right Line of any length, as C B D, and 
upon the middle thereof, (by the Firſt or Fourth Problem) 
erect the Perpendicular A B. 

Sccondly,Open your Compaſles to the Radias,or length 
that you would have your Line of Chords to be of, which 
ſuppoſe AB, (which I make here equal to the Line of Chords 
&at moſt of the Schemes and Diagrams in this Book were de- 
ſcribed by) and with that diſtznc} upon B, as a Centre, 
deſcribe the Scmicircle C A D, which is divided into 
two equal parts or Quadrants by the Perpendiculac Line 
AB. 

Thirdly, Divide the Arch or Quadrant A R D, into 

2 Equal parts or degrees, which you may do in this man- 
rer | Take the length of the Line A B, and ſet that dt- 
ſtance upon the Quadrant A DV, fomD roR,fois DR 
65 deg. and A R 3o deg. Then take the diſtance A R, 
and fet it from Dto S, fois the Quadrant divided 1n- 
to three equal parts, at the points Sand R, cach contain- 
ing 3o deg. This done, «dlivide the ſeveral ſpaces between 
Ai,RS, and S D, into 3 cqual parts, cach of which 
will be 10 deg. according as you ſee the numbers (et to 
them, theſe muſt be again divided into two cqual parts, 
cach part containing 5 degrees, and cvery of thoſe into 
tive ſmaller, as you fee in the Figure,and ſfowill the whole 
Quadrant be divided into 99.7 

Fourthly, The Quadrant A R S D being thus divided 
into go parts or degrees, ſet one foot of your Compaſlles 
in D,and open the other foot to A, and deſcribe the Arch 
AEF, touching the LineCDin F, fois the point F, up- 
on the Right Line CD, the Chordof go deg. 


Fifthly, 


—_—— OTIS 


; 
; 


| 
- 
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Fifthly, Open the Compalles from D to @> deg.” and 
deſcribe the Arch 80 G H, fo ſhall the point H be the 
Chord of 8o deg. 


F} xj B 


£2 50 (80 70 I69 [25 {46 Jo 29 T | 


Sixthly, Open the Compatlles from D to 70, and de- 
ſcribe the Arch 70 I K, fo 1s K the Chord of 70 deg. 

Again, Open the Compatles from D to R, the Racius, 
or 60 deg. and delcribe the —_— UB, (ors B the Crurd 
of 55 dog. equal ro the Rac! 

Do the like with 5c 449330 ,20 and 10 deg. So (hall yon 
have the Jine D F divides into yo unequal parts called 
Chords. 

In this manner may you make a Line of Chards of any 
Jength, and fer it uvona Ruler, and it is fit for to perform 
all the ufl's in this Book, and it were convenient that upon 
one ard the func Rulor, you had three, tour, or hive Chords 
of ſeveral Iengths or Radmitts, 2s in Practice you will find 
to be necetlaryand commudlious. 


Being thus procuded of a I ine of Chords, I will now fhew 
Jou how to work two Conclultons Clams ally, w hich are 
of abſolute uit 11 Dialling, the one is to find the Hour 
of the Day, 41 the other is to find the Azimuth of the 
Sun at any time, and in any place. And with them 1 
ſhall conclude theſe Geometrical Problemecs, and Altro- 


nomical Elements. 
6 Aftry- 
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Aſtronomical Elements. 


Or the better underſtanding of that which followeth 
the Reader ought to be acquainted with the Princi- 
pal Circles of the Sphere. As alſo, with ſuch other Lines. and 
Points, as are deſcribed and noted upon the Material 
Spkere or Globe, in imitation of thoſe which are Imagin- 
ed to be in the Heavens. And of fo many of theſe as are 
neceſlary for this our preſent purpoſe, I ſhall give you a 
briF account. Know therefore, that, 


DEFINITION. 


A Sprere or Globe 1sa Solid Body, containing only one 
Superficics, in whoſe mide there is a Point, from whence 
all right lincs drawn to this Superticies are equal. 

The Principal Circles of which a Sphere or Globe is 
compoſed, are in number Tex, whereof Six are great, and 
Fonr are ſmaller Circles. 

A Great Circle is that which divideth the Body of the 
Globe into two equal Parts or Hemiſpheres. A Small Cir- 
cle 1s that which divideth the Globe into two unequal 
parts. 


The Six Great Circles are, | 


1 The Horizon, : 5; The Zodiack, 


2 The Meridian, 5 
3 The /Equinodial, 6 c The Two Colmes. 


The Leſſer Circles are, 


1 The Tropick of Cancer, 3 The Artick Circle. 

2 The Tropick of — noe; |. The Artartick Circle. 
Of tacſe in the Art of _— there is principally but 

Fiveto be taken notice of, viz. Three Great Circles, and 

two ſmaller Circles. 


The 
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The Great Circles are, 


1 The Horizon, 
2 The Meridian, 
3 The /Equmod1dl. 


The Leſſer Circles are, 


1 The Tropick of Cancer, 
2 The Tropick of Capricorn. 


I. Of the HORIZON. 


In the following Figure, let the outermoſt Circle there- 
of, noted with the Letters HZ ON, repreſent a Sphere or 
Globe, then the Horizon is a Circle which divideth or lc- 


parateth 


(15) 
parateth the viſible part of the Heavens which we ſee, fronr 
the inviſible part which we fee not, and 1s repreſented in 
the following I 1;zure by the Line (which repreſents a great 
Circle) H Q O, leparating the viſible Hemiſphere HZ O, 
which we fcc: f;om the invilible part thereof H N O, which 
we {ce not. | 


IT. Of the Mcridiar, 


FTlic Meridian 1s a Great Circle of the Sphere which pal- 
ſeth by the Poles of the World, and through the Zenith 
and Nazbtr ot the Place. To this Circle, when the Sun 
cometh, hc bug above our Horizon, maketh Nouon or 
Mid-day, and buing 11 the ſame Circle, when it ts under 
the Horizon, it 1s then Midnight. 


> 


s 


The Zenith is that point in the Heavens which is direCt- 
ly over your head, in what part of the World ſoever you 
be. And, _ 

( 


; 
> 
f 
' 
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The Nadir is that point in the Heavens which is under 
your feet, direly oppoſite-to the Zenith. 
The Meridian Circle in this Figure, is noted with the 
Letters H ZO N.' the point Z at the top repreſenting the 
Lenith , and N +:.c Nadir Points. 


Ii. Of the FEquinoTial. 


The /EquinGia! 1s a great Circle of the Sphere, divi- 
ding it into the Northern and Southern Hemilpheres, 
which take their nas from the two Poles, that being 
called the Northern Hemiſphere, in which the North Pole 
Is (cated, and tht the SoutLern 11 which the South Pole 1s 
{cated. Unto this Circle when the Sun in his Annual mo- 
tion arriveth ( which is but ewice in the whole Year) the 
Days and Nights are of equal length through the whole 
World. 

This Circle cutteth the Axis of the World at Right 
Angles, and is ſcated in the Heavens go dry.,or a Quarter 
of a Circle, diſtant from either of the Poles. © 

It is repreſented in this Figure by the Line or Circle 
A Q x. The two Poles are noted with P and S$; Þ be- 
ing the.North, and $ the Sonth Pole 5 and fo the Hemi- 
ſphere, a Þ /, is the Northern, and k S x the Southern 
Hemiſphere. And the Right line P Q S, is the Axis of the 
World, croſſing the AxquinoGial at Right Angles in Q,, 
the Centre, or middle point of the Sphere or Globe. 


IV. Of the two Tropicks. 


The two Tropicks are Salley Circles of the Sphere de- 
ſcribed parallel to the Aquinoctial Circle, and at 23 deg. 
and a halt diſtant therefrom ; that —_— greateſt Decl:- 
ation that the Sun hath from the /Equinodial towards 
either of the Poles, Of theſe Circles one is called the 
Tropick of Cancer,or Northern HO the other the Tro- 


pick 
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i * pick of Capricorn, or Southern Tropick, ſo denominated, 
| trom the Poles which they reſpe& or bchold. As the Tro- 
pick of Cancer, marked with the charaftcr of Cancer ® 3 
at cachend thereof, beholdcth P,the North Pole,and the Tro- 
pick of Capricorn, noted with the charaCters of Capricory, 
4», at cach end thercof refpecteth $, the South Pole. 
Theſerwo Circles are the bounds or limits of the Suns 
couſe, for between them he always moveth, never going 
more Northward or Southward,(that is, declines notnear- 
crto any of the Poles) than 23 deg. 3x1 min. Wherefore, 
when the Sun in his annual courſe, ſhall arrive to the Tro- 
pick of Cancer, which is about the 10th. or 11th. of June, 
he maketh the Longeſt Days to all that inhabit in the Nor- 
thern Hemiſphere. And when he arriveth to the Tropick | 
of Capricory, which is about the- 1 11h. of December, he ma- 
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keth the Shorteſs Days to thoſe that inhabit the Northern, 


and the Longeſt to thoſe of the Southern Hemiſphere. 
Beſides 


' . 
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Beſides theſe Circles here named, there are divers otLers de- 
ſcribed upon the Globe, Two ſorts whereof, are of great uſe 
in Dialling, aud therefore I ſhall make them known, viz. 


Hour Circles, and Azimuths. 


Our Circles are great Circles of the Sphere, which 
meet together in the Poles of the World, and croſs 
the Xquinoctial at Right Angles; of which the Meridian 
(or outward Circle in this Figure) is the hour Circle of 12, 
the ſtreight line PQ S, which repreſents the Axis of the 
World, 1s alſo the Hour-circle of Six, and all the reſt of 
the Hour-ciicles are drawn from Pole to Pole between 
them; as the Circle P A S repreſents the Hour-circle of 2 
and 4 a Clock, and fo of all the reſt, which are 12 in num- 
ber, repreſenting the 24 hours of the day and night being 
taken round the Globe or Sphere. 


Azimuths are alſo Great Circles of the Sphere, mecting 
together in the Zenith and Nadir points, and fall upon, or 
interſe&t the Horizon at right Angles; as the Hour-circles 
do the Mquinodctial. Ot thele Circles, the outermoſt 
Circle of this Figure repreſents the North and South Azi- 
muth; and the line Z Q N the Azimuth of Eaſt and Weſt, 
and is commonly called the Prime Vertical Circle. And all 
other circles drawn through the Zenithand Nadir points,and 
cutting the Horizon at right Angles, are intermediate A- 
zimuths between the Eaſt and Welt, and the North or 
South Points. As in the Figure, the Circle Z B Nis an 
intermediate Azimuth between the South and the Welt, it 
being 40 deg. diſtant from O the South point. 

Every Circle of the Sphere hath its proper Poles,which 
are always go deg. diſtant from it 1n all parts. 

So in the former Fignre Z the Zenith, and N the Nadir 
points, are the Poles of the Horizon, they being go deg. 

D 2 diſtan 
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diſtant from O the South point, from Q the Weſt point, 
and from H the North point of the Horizon. 

Allo Q 1s the Pole of the Meridian Circle HZ ON, it 
being go deg. diſtant therefrom in all parts. 

Again P and $S,the North and South Poles of the World, 
are alſo the Poles of the AXquinoCtial Circle, they being re- 
moved therefrom on cither ſide go deg. 

But the Pole of the Hour-circle PASis at C, and the 
Pole of the Azimuth Circle Z BN is at D, and how to 
find theſe Poles, and alſo the Poles of any oblique Circles, 
ſhall] be diſcovered in divers placcs of the following dil- 
courle, where there is often occalion for the finding of them. 


Note, And whereas throughout this Book there is continual 
mention made of Degrees and Minutes, know, that a De- 
gree is the 360 part of any Circle, each of mtich degrees 
is ſuppoſed to be divided into 60 parts called Minutes, ſo 
that 45 min. is three quarters of a degree, 3o min. half a 
degree, and 15 min. one quarter of a degree, KC. 


Theſe are ſuch Aſironomical Elements, as | conceive, 
molt necc{lary for the underſtanding of that which follows; 

It reſtcth now that I ſhew how to perform twoor three 
Aſtronomical Concluſtons Geometrically, without which the 
knowledge of making of a Dial will be of little validi- 
ty; for to what purpoſe will a Dial ſerve without it be 
rightly placed ? Or how can you make a Dial for any ap- 
pointed place, without you firſt know the poſition or (i+ 
tuation thereof? And to theſe purpoles are the following 
Concluſions ſubſcrvicnt. 


And becauſe it 3s requiſite to knew at all times 7 the Year, 
What declination the Sun hath from the FEquinoGial 
either Northward or Southrear:/, I have therefore at the. 
eud of this Introduttion, inſ-1cd two Tables, the one 
ſhewing the Suns Declinatior: every day in the year. And 
the other a Table ſhewing the Latitudes of all the Princi- 
pal Cities and Towns in England, Scotland axd Ireland. 
PROBL. 
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PROBL. IX. 


Having the Latitude of the Place, the Altitude of t7e Sun, 
and the Day of the Month given, to find the Hou 0; i!e 
Day, and Azimuth of the Sun. 


Et the Place be London, whoſe Latitude is 51 deg. 

32 min. ---- Let the Suns Altitude be 45 deg. ---- And 

let the Day of the Month be the 11th. of May, at which 

time, by the following Table, the Suns Declination 1s 
20 deg. 20 min. North. | 

Firſt, Deſcribe the Circle H Z O N, repreſenting the 
Meridian of the Place; ---- Crols it at right Angles with 
the two Diamceters HQ O, for the Horizon, and Z Q N 
for the Prime Vertical Circle, or Azimuth of Eaſt and Welt. 

Secondly, Take 51 deg. 32 min. the Latitude of the 
Place, out of your Lme of Chords, and fer it from H to 
P the North, and from O to if the South Pole z and draw 
the line P QS, forthe Axis of the World. And becaule 
the AquinoctiatCircleis,in all parts, diſtant from the Poles 
of the World, go deg. take go deg. of your Chord, and 
ſet them from P to A, and trom S to x, and draw the line 
XX Q x, fþr the Aquinotlial Circle. 

Thirdly, The Syts Alftude given being 45 deg. Take 
45 deg. ftrom.your Chord, and ſet them from H to A, and 
fomO to T; and lay a Ruler either from H to T, or 
from O tq A, ant! the Ruler will croſs the Prime vertical 
Circle in D, through which point the Circle of the Suns 
Altitude miNt bejdrawn,and for the drawing of it, you have 
three points, A, L and T, wherctore by the 6h. Probleme 
beforegoing you may tind its centre, which will always 
be in the Prime Vertical CircleZ Q N, extended. 

Fourthly, The Stins DeehoAtion for the day propoſed, 

viz. the 11th, of May) beinf' 20 deg. 20 min. North- 
'ard, therefore take 20 deg. 20 min. out of your line of 
Cliords 


__mm——_—_— 
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Chords, and (ct them from X to C, and from x to D, to- 
wards P the North Pole, becauſe the Declination was North, 
otherwiſe it ſhould have been ſct towards S the South 
Pole. ---- Then laying a Ruler either from Z to D, or 
from x to C,it will in both caſes cut the Axis of the World 
in E, through which point the Parallcl of the Suns de- 
clination for that day muſt be deſcribed, and for the 
drawing of it, you have three Points D, E and C, whoſe 
Centre will always be in the Axis of the World $ Q P 
extended, and may be found by the former Sixth Pro- 
bleme. 

Fifthly, Obſerve in your Scheme, where the Parallel of 
Altitude ALT, and the Parallel of Declination DE C, 
do croſs cach other. which will be at the point ©, and 
that is the place of the Sun at the time of the Queſtion. 


N 


Sixthly,By the forementioned 6th. Probl. draw an Hour- 
circle 
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circle through the three points P © and S, whole centre 
will always be in the /Xquinottial line extended, it need 
be ; alſo, through the Points Z © and N, draw an Azi- 
muth Circle, whoſe centre will always be in the Horizon 
extended when need requires. 

Theſe two Circles being thus drawn, your Scheme 1s 
prepared for the finding both of the Howr and Azinmth in 
this manner. 


I. For the HOUR. 


Lay a Ruler to P, the Pole ct the World, and G thc 
point where the Hour-circle croſleth the Aquinoctial, and 
the Ruler will cut the Circle in 42. So the diſtance from a 
to AX being mcaſured upon the line of Chords, will be 
found to contain 41 deg. 43 min. which is the Hour of the 
day, counted from Noon, which reduced into Time (by 
allowing 15 deg. to an hour, and 4 deg. to one minute of 
time) will be two hours, 47 minutes, that 1s, either 47 
minutes aficr 2 in the Atter-noon, or 123 minutes atter « 
in the Fore-noon. x 


Il. For the AZIMUOTH. 


Lay a Ruler toZ the Zenith, and to B the point where 
th: Azimuth Circle crotleth the Horizon, and the Ruler 
will cut the Meridian Circle in the point b, ſo the diltance 
b O, being mcalured upon the Line of Chords, will be 
found to contain 62 deg. 8 minutes. And ſuch is the Suns 
Azimuth from the South part of the Meridian. ---- Or the 
diſtance N b, being meafured upon the Chords, will be 
found to contain 27 deg. 52 min. which is the Suns di- 
ſtance or Azimuth, from either Eaſt or Weſt, according to 
the time of the day, 


Thus by one and the fame Proje&ion of the Sphere, 
you have found buth the Howr and the Azimmth,and 
many 
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many other Concluſions Aſironomical might be wrought 
by this way of Piojection, which I have more fully 
ſhewed in my Geometrical Exerciſes, now lately pub- 
liſhed. But ſceing that the Azimuth is of ch frequent 
uſe in Dialling, that nothing can be done to pur- 
poſc without It, and that in this way of Prcj-ftion, 
{metimes the centres of the Circles will be very re- 
mote, I wii] here ſhew you another Geometrical way, 
whereby you may find the Azimuth at any time, and 
in any place,by ſtreight Lines, which will be ſomc light 
and caſe to the Practitioner, that ſo he may com- 
pare one Way with the other in caſe of any doubr, 
which will be a good confirmation of his Work. 


"7" 


Another way to find the Azimuth, 


Et the given Latitude be 51 deg. 32 min. 
'B The Declination North, 20 deg. 

The Suns Altitude 12 deg. 

And It the Suns Azimuth be required. 

Firſt, Upon the centre Q , deſcribe the Semi-circleH Z O 
ls; for half the Meridian, and upon Q raiſe the Perpendicu- 
18 lar Q Z, ſois Zr he Zenith. 
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Secondly, Set (by help of your Line of Chords) 51 deg, 
32 min. the Latitude of the place, from Z to, and draw 


Z Q for the AquinoGtial. 
Q #4 Thirdly, 
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Thirdly, Set 20 deg. the Suns Declination, from AX to- 
wards Z, to the Point D, (being it 1s North) and draw 
the Line D T parallel to £Q, fois D BT the Par4/lcl 
of the Suns Declination. 

Fourthly, Sct 12 deg. the Suns Altitude given, from O 
to L, and from H to M, and draw the Line M L, for the 
Parillel of Altitude. 

Fit:hly, Take in your Compaſles, half the length of the 
Pa: all-l of Altitude SL, or $ M, and with that diſtance 
upon Q , deſcribe the ninermolt Semicircle A CG. 

Sixthly, From the point B, which is where the Parallel 
of D-clination, and the Parallel of Altitude do interſect, 
erect the Perpendicular B C, ull it touch the innermoſt 


'Semicucle. 


Laſtly, Lay a Ruler fromQ to C, and it will cut the 
outcrmolt Circle in E, fo thill H E meaſured upon the 
Line of Choids, be 72 deg. 52 min. the Suns Azimuth 
from the No:th part of the Meridian. 

E Z ſhall be 17 deg. 8 min. the Azimuth from Eaſt or 
Weſt. And, 

EO ſhall be 107 deg. 8 min. the Azimuth from the 
South part of the Meridian. 


Having made this fair Preparative, 1 will here inſert the two 
ore-mentioned neceſſary Tables of the Suns Declination, 
and Latitudes of Places ; and then proceed to the Art of 
Dialling, the thing chiefly in this place intended. 
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A Table of the Suns Declination. 


March | April | May | June 
1d. mi.d. mi.d. mi.|d. 
3 WY 2618 93 
2 os 18 _aca3 
2 37 9 2018 3523 
i $39 2118 5c123 
IT 219 42 
& x 300 A{is - 45423 
43' I ſo 45119 3123 
21} oO _ 3eltl c[l9g 4423 
cl os lit 2719 5723 
38] O08 Icjit 20 47120 1023 
161 0 233/12 "Wo: 322125 
o=5712 2820 34/23 
i anle3 4820 45123 
1 4413 720 56123 
8 IT. 7129 
25,2 3ZL[l13 4<|21 17/23 
3, 2 $414 $21 27123 
{3 10114 24/21 237/23 
17] 3 41/14 4221 46[23 
54\4 5115 __121_- 55123 
31] 4 2815 1922 4/23 
o 4 53115 37122 12123 
45] 5 I4l5 $5422. 2C[23 
00-2906 22033 271243 
53: 6 ol6 2922 24122 
6 22[16 4622 41122 
6 a5lt7 $22 45002 
” 7 009 223 
5 ac7 - 2472 von 
/7 32117 $5023 3122 
8 14 23 & 


— 
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A Table of the Suns Declmation. 


Ctob. | Novem 

{AF 
£7 15] 17 40 
$122 -0in% = : A - - 
2,22 O14 54 2 on. 
o) þ 055-5 - . 8 223288 3d 
5[21 32113 5812 8 45118 43[2 
5|21 32|[ 3 5k ——— 
6|2T1 22|13 39 « ES 
7|21 12] 13 nes o 2 
5 5 Pd bn I 10 13] 19 41 

20 51! 12 41 | 
p [12 21|0 go $9109. JP] 
_ _ tio 10 55| 20 8 
+ 5 of] bh 110 ie 281 20 2 
12] 20 16|11 , | a 
131 20 4[11 , ang ar 
=4 $1.48 +3 ban A I 22: 241 20 4019 
5119 32409 #4 I 12 513%. vim 
I6|19 25 4 - a 
- 4 >; Wk 2124 3072 
+4. , 7 = 21 41 | 23 
m1 4 ; ni 2 14 2121 $go[23 
0t5z > 14 21]22 0©| 23 
21| 18. 14|8 31 3 age Hl 2 
-» 248-1) 4 þ cy of Wwi__'y 
A I. —_ I 207 33 2020-6 
24117 $0 7 2 i5 37[22 33[22 3 
2 [7 2 7 |  ETIET : 
25 616 als dS : $41 23 40 welt. 
wh þ : E io] 5 43]16 1 | 22 I-14 
{4 by = 516 6116 3 j22 $2122 1 
28116 22!5 It - 6 52 | 22 
its 61s 196 7; 6723 4,9 
1s 1s 17 28 | 21 
31|[15 3014 47 


W 
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A TABLE of the Names and Latitudes 
of the Pincipal Cities, T owns and Iſlands 


in and about Great Brittain and Ireland. 


England. 
Edford 
Barwick 

Biiſtol 
Buckingham 
Cambridge 
Canterbury 
Carliſle 
Chicheſter 
Chec{ter 
Colcheſter 
Derby 
Dorcheſter 
Durham 
Exccſter 
Gilford 
Glouceſter 
Hartford 
Hereford 
Huncington 
Ipſwich 
Kendal 
Larcaſter 
Leiceſter 
Lincoln 
London 
Northampton 
Norwicn 
Nottingham 
Oxford 


England. 


Reading 


Sa | (bu I y 
Shrewſbury 
Stafford 
Stamford 
Truero 
Warwick 
Winchelter 
Worccltcr 


York. 


Wales. 
Nolclcy 
Barmonth 

Brecknock 
Ca rdigan 
Carmarthen 
Carnarvan 
Denbigh 
Flint 
Landaft 


| Monmouth 


Montgomery 
Pembroke 
R2dnor 


St. David. 


D. 


gl 


Portland 
Wight 


Scotland. 


Berdean 

Dunblain 
Dunkel 
Edenburgh 
Glaſcow 
Kinſlaile 
Orkney 
St. Andrews 
Skyraſlin 
Sterling. 
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M. 
30 
Il'2 
24 
30 
39 


: 


Ireland. 
Ntrim 
Arglas 

Armah 
Caterlagh 
Clare 

Corke 
Droghedagh 
Dublin 


. | Dundalke 


Galloway 
Youhall 
Kenny 
Kildare 
Kings Town 
Knockfergus 
Kynſale 
Lymerick 
Qucens Town 
Waterford 
Wexford 


The End of the Introduion. 


The AR T off 


DIALLING 


Geometrically performed , 


By ProjeCting of the Circles of the Sphere 
upon the Plazn it (elf. 


The Firſt Part. 


CHAP. L 


Of the ſeveral ſorts of Plains upon which DIALS are 
uſually made. 


or other of theſe three poſitions, viz. either 

Parallel, Perpendicular, or Oblique to the Hori- 
Zon of the Place wherein the Plain is ſeated, and all the 
Hour-lines drawn upon any Plain, are great Circles of the 
Sphere, which betng projected upon a plain Supcrficies, 
become (trait Lines. 


I ALS may be made upon any plain Superfi- 
cies, and all plain Superficics are poſited in one 


Now 


The Art of Dialling. JT 
Now the Art of Dialling conſiſteth chiefly in the finding 


out of theſe Lines, and their true diſtances each from other, 


the which do continually vary, according as the Plains up- 
on which they are deſcribed or projected, are ſcituated in 
reſpect of the Horizon of the place. 


\ I. Parallel to the Horizon , as is Horizontal the 
which I call Fertical) Plain only. 
North & South 
2. Perpendicular which Dirc& 
[| tothe Horizon, be AS 


and ſuch are all either Eaſt & Weſt. 
Of theſe ercct Plains: _ Or tas 4 
Plains 
there are | North 
but threc ” Direct YSonth ( Reclining 
Varieties, 3. Reclinine) Eaſt ( lnilining 
—_ from the Weſt 
Zenith, Or * and theſe 
| Inclining © arccither | Or 
| to the Ho. Reclming 
rizOn. C Declining? 
( -Inclining 


Now in the making of particular Dzals, which are in 
number 25, I reduce them to 17, by ſupplying the [ncli- 
ving Plains from their oppolite Recliners, as being indeed 
the ſame. 

And to avoid miſtakes, which may poſlibly ariſe by com- 
paring my Examples with other Authors, or others with mine, 
You arc to take notice, that I denominate all my Plains trom 
the light (or the Poſitions) of their Axis in the Heavens, 
and not from the Circles of the Sphere in which they lic. 
Therefore take notice, That 


Thoſe 
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[2 CHorizontali  CVertical ? is Vertex or Zenich Point 

C 

- Nor : 

- Vertical ad b Nort'1? 

& = Nr! > Dire | " WR" | Sour; 7 Plats of the Hirizon 

E P Meridian Faſt | _ Ex 

-»” 4 - þ » 

sE 3 FM em weltZ Pre ? je F Weſt; , Points of the Horizon 

fo FE quinodt! al ; | in the 

E Polar Poles of the World. 

1 c Polar. 4 | Equinodtial ſp CEquinollial Circle. 
Again, 


All leaning Plains whether Dirc& or Dcclining, whoſe up- 
per #2Ccs bchold th: Zenith, T call Reclizers;, and the ncther, 
or under Faces of them, which rclpcct, or look down to the 
Nadir, I call Incliners. 


This diftinction bing made, the Plains of all which 
Examples following z arc thus denominated. 


. Vertical or Horizontal. 

2. Seuth and North Direct. 

3. Eaſt and Weſt Duct. 
Eaſt 

4. South and North, declining? Or, 
-Weſt 

Reclining 
5. Eaſt and Weſt Direct Or, 


lnclining. 


6. Equinodial, Or South Reciining or Inclining to the Pole. 


4 (South diret Reclining or Incliyingy,* lc =. © than the Pole. 


9. Polar, Or North Reclining or Incliningto the Equinodial. 
11, ONorth direct Recliningor Inclining$/e =_ — auf 


more { nodal. 


12, EquinoGial, Or South Declining Eaſt or Weſt Reclining to 
the Poke. 13. South 
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12.1 South declining Eaſs or Weſt \above\ the Pole. 


14.5 Reclining orInclining under f** 
15. Polar or North declining Eaſt or Weſt, Reclining or 
Inclining to the Equator: . a 
16:2 North declining Eaſt or Weſt — Cd a ron 
Reclining or Inclining 2, 1. ©. 1 Eguator. 
Thus are the ſeveral Plains denominated, I (hall now 
ſhew how the Situation of any Plain may be attained, ei- 
ther in reſpect of its Declination or Reclination. 


n CHAP. II. 


How to find the Reclination and Declination of any Plain. 


I. For the Reclination. 

He Recknation of a Plain, 1s the Arch of that Vertical 
Circle or Azimuth, which is perpendicular to the 
Reclinine Plain, or that Azimuth, in which the Pole of 
the Reclining Plain lieth, comprehended between the Ze- 
zith of the place, and the Reclining Plain. 


7 


Tofind which, 
lect ABCD be a 
Reclining Plain, 
draw firſt there- 
on by help of a 
Ruker and Pnua- 
drant, a lineG H 
parallel to the 
Horizon of the 
place, which ſhall 
be the Horizon- 
tal Line of the 
Plain, and crols 
it at right Angles 
with another 
right line K S, 
for the Vertical 
Line 


T 
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Line of the Plain ; to this Vertical Line K S, apply a ſtreight 
Ruler KT, andto that end of it, which lieth clear of the 
Plain as I, apply a Quadrant as O L 1; having a thread and 
plummet hanging from the Centre at I, then ſee what num- 
ber of degrees of the Quadrant are contained betwcen O 
and L, for ſo much doth the Plain Reclize from the Zenith. 


I I. For the Declination. 


The Declination of a Plain, is an Arch of the Horizon 
comprehended between the Pole of tte Plain, and thc Me- 
ridian of the Place. Or it 1s the diſtance of the Plain it 
ſelf, from the prime Vertical Circle, or Azimuth of Eaft and 

eſt. 
o find out the Declination of any Plain, there are re- 
quired two Obſervations ta be made by the Sun at the 
ſame inſtant of time. The firſt of the Horizontal Hiſtance 
of the Sun from the Pole of the Plain, and Secondly, Of 
the Suns Altitude. 

1. To find the Suns Horizontal diſtance from the Pole of 
the Plain. Apply one edge of a Quadrant to the Hori- 
zontal line of your Plain, ſo that the other may be per- 
pendicular to it, and the limb of the Quadrant may be to- 
wards the Sun, and hold the whole Quadrant Horrzontal 
(as near as you can conjecture.) Then holding up a thread 
and plummet at full hberty, fo that the ſhadow of the 
thread may paſs both through the Centre and Limb of 
the Quadrant, obſerve then the degrees cut by the ſhadow 
of the Thread, and number them from that fide- of the 
Quadrant that ſtandeth ſquare or' perpendicular to the 
Plain: For thoſe degrees are the Horizontal diſtance requi- 
red. 

2. This Horizontal diſtancy and the Suns Altitude being 
obſerved at the ſame time @s near as may be) will help 
you to the Plains Declination by the Rules following. 

Fult, By having the Altitude, you may find the Azi- 


muth, 
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muth by the two laſt Problemes of the IntroduTion. Then 
by comparing the Azimuth and this Diſtance together, you 
may find the Plains Declination in this manner. 

When you make your Obſervations of the Suns Hori- 
zontal diſtance, mark whether the ſhadow of the thread 
fall between the South, and that ſide of the Quadrant 
which 1s perpendicular to the plain. 

1. It the ſhadow fall between them, the Azimuth and 
Diſtance added together, do make the Declination of the 
Plain, and in this caſe the Declination 1s upon the ſame coaſt 
whereon the Suns Azimuth is. 

2, If the ſhadow fall not between them, then the diffe- 
rence between the diſtance and Azipmth 1s the Plains de- 
clination ; and if the Azimmth be the greater of the twa, 
then the Plain declines to the fame Coaſt whereon the 
Sun is; but if the diſtance be the greater, then the Plain de- 
clines to the contrary Coalt. 

And here note, that the Declination thus found is al- 
ways accounted from the Soxth, and that all Declinations 
are counted from either South or North,towards either Eaſt 
or Weſt, and muſt never exceed go degrees. 

I. It therefore the degrees of declination do exceed go, 
you mult take the reſidue of that number tq 380, and that 
ſhall be the Plas declination from the North. 

2. If the degrees of declinarion exceed 180, then the ex- 
cels above 180 degr. gives the Plains declination from the 
North towards that Coalt, which is contrary to the Coaſt 
whereon the Sun 1s. 


E 2 I. Of 
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I. Of the Vertical Dialling. : 
CHAP. HI. 


How to draw the Hour-lines upon a Vertical (commonly called 
Horizontal) Plair. 


Call this Plain Vertical, becauſe the Pole thereof is in the 

Zenith or Vertex of the Place, although the Plain it (elf 
lie in the Plain of the Horizontal Circle. And I not only de- 
nominate this, but all the other Plains following, by that 
part of the Sphere in which the Poles and not the Plains 
themſelves lie. But howſoever the Plain be termed, whe- 
ther Vertical or Horizomal, the making of the Dial is ſtill 
the ſame : And may be made in any known Latitude by 
the precepts following. | 


Example, Of a Vertical or Horizontal Plain in the Lati- 
tude of London, which is 51 deg. 32 min. 


Firſt, Draw a Circle E $S W N, which Circle let repre- 
ſent your Vertical Plain, croſs it in the middle thereof at 
right Angles with the two Diameters, viz. S Q N, for the 
Meridian, and Hour-line of 12, and E Q W for the Prime 
Vertical or Hour-line of 6. 

Secondly, Becauſe the Latitude of the place is 5x deg. 
32 min. take 51 deg. 32. min, out of your Line of Chords, 
and ſet that diſtance from S to a, and from W to b. 

Thirdly, Lay a Ruler from E to a, and it will cut the 
Meridian Line S N, in the point P, which poiat P is the 
Pole of the World: And a Ruler laid from E to b, will cut 
the Meridian in the point 2, ſo is X& the point where the 
AqmnoCtial croflech the Meridian ; and thus have you 
thice points, via. E, &, and W, through which you —_ 

ave 
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A Vertical or Horizontal Dial for the Latitude of 
London, 51 deg. 32 min. | 


BG SR 


draw the Aquinottial Circl: E A W, whoſe centre will 
always be in the Meridian Line S N. So that you may ea- 
fily find it, as hath been before taught, and in this man- 
ner alſo. Draw the Lire X W, which divide in two equal 
parts in the point A, upoa which point A, raife the per- 
pendicular A C, cutting the Meridian SN, un the point C, 
which is the centre of the A:quinoctial Circte E AW, up- 
on which point, and the diſtance C 4, you may deſcribe it, 

Fourthly, 


— 
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Fourthly, Divide the Semicircle E N W, into 12 equal 
parts at the points © © ©.&c. beginningatthe point N,and 
ſetting ſix on either ſide thereof. The Semicircle may ea- 
ſily be divided into 12 parts in this manner ; for 60 deg. 
of the Line of Chords will divide it intothree equal parts, 
and 3 deg. will divide each of them into two, that 1s, in- 
to 6 cqual parts, and 15 deg. is the halt thercof, which is 
a twelfth part of the Semicircie. 

Fifthly, Lay a Ruler to Q , the centre of the Plain, and 
upon every of theſe points © © ©, and the Ruler will 
cut the /Equinoftial E ZE W, 1n the points * * *, &c. di- 
viding that into 12 unequal parts. 

Sixthly, A RulcrJaid to P, the Pole of the World and 
the ſeveral points * * *, &c. upon the Aquinoctial, will 
cut the Circle repreſenting the plain 1n the points | | |, &c. 
dividing the Semicircle E N W, into 12 other-unequal 

arts, 
: Laſtly, From the point Q,, and through the ſeveral 
points || |, &c. draw ſtraight Lines, as Q ] 7,Q 18,Q | g,&c. 
they ſhall all be the truc Hour-lines for ſuch a Vertical or 
Horizontal Plain. Namely, tor twelve of them, that is, from 
Six inthe Morming, till Sill Six at Night. 

But for the Hours before, and after Six, that 1s, for 4 
and 5 in the Morning, and for 7 and 8 at Night, they are 
to be drawn by extending the Hour-line of 7 and 8 in the 
Morning through the centre Q ,, and drawing them on the 
other fide of the Plain, fo ſhall they be the Hours of 7 and 
2 at Night: Alſo the Hour-lines of 4 and 5 in the Eves 
ning, being drawn througa the centre Q , will become the 
Hour-lincs of 4 and 5 in the Morning. 

For the Stile of this Dial, take 51 deg. 32 min. the La- 
titude of your place, out of your Line of Chords, and ſet 
them from N toe, upon the Circle of the Plain, fo ſhall a 
Line drawn from Q through e, be the Axis or S!ile of the 
Dial, which may be a thin plate of Braſs, cut exaftly to 
the quantity of the Angle e Q N. 51 deg. 32 min. and ſet 
per- 


perpendicularly upon the Line of 12, or the Meridian 
S QN, and thus is your Dial finiſhed. 

It into this, or any of the following Dials, you have a 
deſire to infert the Half Hours and Quarters, you may put 
them in by thevery ſame means,as youdid the who'e Hours, 
but then you mult divide the Spaces between evety of the 

$ points ©© into twoequal parts for the Half, and into 4e- 
| qt: parts for the Quarters of Hours, and proceed with 
” putting on of them in all reſpects as you did with the whole 
Hours. G4 


— — — 


F I T. of Opright or Ere& Plains, 
| CHAP. TIV. 


: Hoſe Plains are faid to be Ere# or QOprieht, which 
s ſtand perpendicular to the Horizon of the place, 
> whoſe Vertex or upper part tendeth to the Zenith, and 
” their lowerpart to the Nadir, and ſuch are the Walls of 
Stceples, Churches, Houſes, or the like, againſt which (for 
the molt part) Dials are made. 

Of thele Opright or EreF Plains there are two forts, viz. 
Dire# and Declining. | 

Thoſe Erc& or Upright Plains are ſaid to be Dire&, 
which do direaly behold either the true Eaſt, Welt, North, 
or South points of the Horizor, or whoſe Poles do lie di- 
rectly in cither of them, and theſe Plains are called Erect 
Diret Plains. 
Thoſe Ere&# or Upright Plains are ſaid to decline, which 
do not lie in, or dire&ly behold any of theſe points, but 
are ſituate under ſome other Azimnth, as Sorth-Eaſt, North- 
IVeſt, North-Eaſt, &c. and theſe Plains are called Ere# or 
Opright Declining Plains. Of both which ſorts I ſhall give 
you Examples. And 

I. Of 
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I. Of Upright, or Erect Dire@, Plains. 


CHAP. V. 
How to draw the Hour-lines upon a Dire& South Plain. 


Hat Plain is called, by me, a DireT South Plain, which 

lieth in the prime Vertical Circle, or Eaſt and Weſt 
Azimuth, and whoſe Pole is in the South part of the Meri- 
dian, the making whereof differeth nothing from that go- 
ing before. Only for the height of the Stile, inſtead of the 
Latitude you mult take the Complement thereof. 


Example, Of a Dire& South Plain, 7» the Latitude 
, of London, 51 deg. 32 min. 


' Firſt, Draw a Circle Z E W N, repreſenting an upright 
Direc South Plain, croſs it at right Angles with the Dia- 
meters Z Q N for the Meridian, or Hour-line of 12, and 
WQ E forthe prime Vertical Circle, or Hour-line of Six: 
Secondly, Out of your Line of Chords take 38 deg. 28 
min. (which is the complement of the Latitude of the place) 
and ſet that diſtance upon the Dial-plain, from Z to a, and 
from E to b, and from N toe. 
* Thirdly, Lay a Ruler from W toa, it will cut the Meri- 
dian Z N, in the point P, the Pole of the World; anda Ruler 
alſo laid from W to b will cut the Meridian in A, fo is E 
the point through which the Xquinoctial muſt paſs; and 
for the drawing of it. you have three points given, viz. 
E, A, and W, and the Centre will alwayes be in the Me- 
ridian Line Z N, (extended if need be.) The Centre you 
may find by the Geometrical way taught at the begin- 
ning of the Bouk. Or thus, draw the Line E Z, anddivide 


It 


CS nt of th ai - 
- 4s 
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An Ere Dire South Plain. 


5 
| 


POS | 0G AS 
it in two o equal parts in A, upon A yo - perpendicular 
AC, extending ittill that a the Meridian Line concur in 
G, ſo is G thecentre of the Os Circle E & W. 
Fourthly, 
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Fourthly, Divide the Semicrcle EN W into 12 equal 


parts, at the points © © ©, &&c. 

Fifthly, lay a Ruler to Q, and each of theſe points 
© © ©, and the Ruler will croſs the Aquinotctial Circle 
in the points * * *, &+c. dividing that into 12 unequal 

arts. 
F Sixthly, Lay a Ruler to P, ( the Pole of the World) 
and every of the marks ** *, @&>c. and the Ruler will 
croſs the circle of the Plain in the points | | |, &c. 

Laſtly, If through the Centre Q, and the reſpective 
points] | |, &c. You draw Right Lines, they ſhall be the 
true Hour Lines of an EreF Dyire& South Plain. 

For the Stile, take 383 deg. 28 min. the complement of 
the Latitude of your Place, out of the Line of Chords, 
and ſet them from N to e, drawing the Line Q e for the 
Axis of the Stife, which muſt hang dire&ly over the Me- 
Tidian, or Hour-live of 12, and muſt point downwards 
towards the South Pole, becauſe the Plain beholds the 
South pareof the Meridian. 

In taking this Dial you have made two Dials, for the 
Ered Dire# North Dial 1s but the back-ſide of the South, 
it lying in the fame Prime Vertical Circle, only as this be- 
holdeth the South part of the Meridian,and hath the South 
Pole clevated above it, the other beholdeth the North 
part of the \.endian, and hath the North Pole clevated- 
above It, and as the Meridian Line Z Q N in the South 
Dial repreſenteth the 12 a Clock Hour-line at Noon, the 
back-fide thereof (namely the North fide) repreſenteth 
the Hour-line of 12 at Midnight, and therefore 1s not ex- 
prefled, neither the Hour-lines of 9, 10, 11 at Night, or 
of 1, 2, 3 in the Morning, the Sun tousnever being above 
the Horizon at thoſe Hours : wherefore the North Dial is 
only capable of receiving theſe Hours, namely, 4 5, 6, 7 
and 8 in the Morning, and of 4, 5, 6, 7, and 8 at Night, 
and (im this Latitude) not of all them neither ; for it will 
ncver ſhine upon this Plain at 8 in the Morning, nor at 
4 in 
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An Ere® Dire North Plain. 


4 in the Afternoon, but it is beſt to put them on, as in 
the Figure above, that thereby you may know how much 
It is paſt 7 in the Morning, and how much it wants of 5 in 
the Afternoon. 


—— _— —__——. 
— — —— ——__—_— — 


CHAP. VI. 


How to draw the Howr-lines upon an Erect, Direct, Eaſt, 
or Weſt Plain. 


J Call that an Eaſt or Weſt Plain, which lies in the Me- 
ridian of the place, and whoſe Poles lie in the prime 

Vertical Circle, or Azimuth of Eaſt or Weſt. 
Now foraſmuch as the Plain licth in the very Meridian 
Circle, in which alſo the two Poles of the World are 
G 2 ſeated, 
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ſeated, the Plain muſt neceſſarily paſs through both theſe 
Poles,and ſo neither of them can have any Elevation above 
it ; wherefore the Hour-lines in theſe Dials muſt be paral- 
lel to one another, and conſequently parallel to the Axis 
of the World. And the Dial muſt have no Centre: How- 
ever the Dial may be drawn as followeth. 


Example, Of an Eaſt Dire& Dial, in the Latitude 
of London 51 deg. 32 min. 


Let A BCD, be a Dial plain, upon which you would 
draw a Dire Eaſt Dial, upon the point D, if it be an Eaſt 
Dial; or upon the point C, if it be a Weſt Dial; with the 


An EreF, DireG, Eaſt Dial. 


HE EA + - IL = 


Radins (or 60 deg. ) of your Line of Chords, deſcribe an 
obſcure Arch of a Cucle E F, then from your __ __ 
38 deg, 
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38 deg. 28 m.the ye png of the latitude of the place, 
(which is alſo the height or elevation of the Xquinoct:i4l) 
and ſet them from E to F, and draw the line DF quite 
through the Plain. Then, that you may proportion your 
ſtile to your Plain, ſo that you may bring on all the ours 
from Sun Riſing to 11 a Clock, aſlume two points in the 
Line F D, one towards the end D (as the point G) for the 
Hour-line of 11, and another at H, for the Hour-line of 6, 
and through the points G and H, draw the lines 11 G 11, 
and 6 H6, perpendicular to the A&quinoctial Line D F. 
This done, upon the point G, with 60 deg. of the Line 
of Chords, deſcribe an obſcure Arch of a Circle I K, and 
ſet thereon 15 deg. of your Line of Chords from I to K, 
and draw the Line G K,to cut theLine 6 H 6 in the point L. 
ſo ſhall L H be the height of the perpendicular (tile pro- 
portioned to this Plain. 

Now for the drawing of the Hour-lines, ſet one foot of 
the Compaſles (opened to 60 deg. of the Chord) in L,and 
with the other deſcribe the Arch of a Cirde M N, betwixt 
the Hour-line of 6, and the Line G L. Which divide into 
5 equal parts in the points © © © © ©, and a Rulerlaid 
from the point L to each of theſe points © © ©, evc. will 
cut the Aquinoctial Line H D, in the points * * * * ©) 
through which points draw lines parallel to 6 H 6, as the 
Lines 7 * 7, 8 *8, exc. and they ſhall be the true Hour- 
lines of an Eaſt Plain from 6 in the Morning, till 11 be- 
fore noon, but for the Hours of 4 and 5 in the Morning; 
you may put them on by ſetting the ſame diltances upon 
the Aquinoctial Line before 6, as there is from 6 to 7 and 
8, after 6 ; and through thoſe points draw the Hour-lines 
of 4 and 5, parallel to the Hour of 6, as you ſee done in 
the Figure. 

Thus is your Dial finiſhed, and m the making of it you 
have made two Dials, namely a Weſt Dial as well as ar 
Eaſt, for it is the ſame in all refpe&ts. Only whereas the 
Arch E F, through which the /:quinoctial pajketh 1n _ 

alt. 
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Eaſt Dial, was drawn on the right hand of the Plain, in 
the Welt it muſt be drawn on the left hand,and the Hour- 
lines of 4, 5, 6, 7, 8, 9, 10, and I1, in the Forenoon on 
the Eaſt Dial, muſt be 8, 7, 6, 5, 4, 3, 2 and 1 1n the AF 
ternoon, upon the Welt Dial, as in the Figure appeareth, 


An Ered, Dire, Weſt Dial. 


. 


The Stile of the Eaſt or Weſt Dials, may be either a 
ſtrait Pin of the juſt length of the Line H O, which is 
equal to H Lin the Eaſt Dial, fixed in the point H, upon 
the Hour-line of 6, and exadtly perpendicular to the Plain, 
ſhewing the Hours by the ſhadow of the Apex, or very 
top thereof. 

Or, it may be a Plate of Braſs of the ſame breadth with 
the diſtance between the Hour-lines of 6 and 3, which 
Plate muſt be ſet perpendicular upon the Hour-line of Six, 
and ſo it will ſhew the Hour by the ſhadow of the upper 
edge thereof, as in this Welt Dial. 

Theſe five Dials here deſcribed, viz. the Vertical, the 
South, North, Eaſt, and Weſt Erect, Dire@, may be made up- 
on aſtone cut {quazein formof a Die, which Body is called 
a Cube. II. Of 
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I I. Of Upright Declining Plains. 


CHAP. VII. 
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How to draw the Hour-lines upon a South or North Erect 
Plain, Declining ether Eaſt or Welt. 


= Upright or Erect Plains, that we have hitherta 
treated of, are ſuch as did dire&tly behold the four 
Cardinal or Principal Points of the Horizon; namely, the 
Eaſt, Weſt, North and South Points. All other Uprighe 
Plains are ſaid to decline, and their Declination is counted 
from the Eaſt or Welt, towards either North or South,and 
theſe Plains are called South or North ErcCt Plains decli- 
ning Eaſt or Welt. 

Before the Hour-lines can be drawn upon any of. theſe 
Plains, two things muſt be given, and three other. things 
muſt be found —-— 


The Things given muſt be, 


' xr. The Latitude of the Place. 
. The Declination of the Plain. 


ty 


The Things required are, 


1. The height of the Pole (or St:le) above the Plain. 
2. The diſtance of the S»ſtile trom the Meridian, or 12 
a Clock Hour-line. 


3, The Plains Difference of Longitude. 


For the finding of theſe, we mult project upon the 
Plain ſuch Circles of the Sphere (in their true poſitions ) 
as are requiſite for. the finding of them, and thoſe Circles 
are, the Horizon, the Meridian, and the AiquinodGial: 
which I hall ſhew how to perform by giving an 


Example 
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Example of a South Ereft Plain,declining Weſtward 24 deg. 
20 min. in the Latitude of London 51 deg. 32 min. 


d. m. 
"; WS: Latitude of the Place 51 32 
Declization Soxth Welt 24 20 
" 
cCOltance of the Subſtile from the Merid. 18 8 
Quaſitas H-ight of the Pole(or StileJabove the Plain 34 33 
0 Plains difference of Longitude 30 CO 


To find which, 


Firſt, Deſcnbe the Circle Z H N O, repreſenting the 
dcecliring Plain, croſs it at right Angles, with the two 
Diam-ters ZQ N, and H Q O, the point Z repreſenting 
the Zenith, and N the Nadir, and the line Z Q N, the 
Veitical or perpendicular-linc of the Plain (end Hour-line 
of 12 ) and the Line HQ O, is the Horizontal Line 
thereof. 

Secondly, Becauſe the Plain declines 24 deg. 20 min. 
from the South Weſtward, ſet 24 deg. 20 min. from N to's, 
and from O to c. Then lay a Ruler from Z to a, and it 
will cut the Horizontal Line HQ Oins, fo is S the 
South point of the Horizon, through which the Merj- 
dian maſt be drawn., and for the drawing of it you 
have three points, viz. Z $ and N, and the Centre will 
always be in the Horizontal Line H Q O, extended if 
need be. Which Centre may be found Geometrically , 
as is formerly taught, or thus : Draw. the right Line 
ZL S, which divide in two equal parts in O, _—_ upon O 


erect the Perpendicular O G, extending it, till that and 
the Horizontal Line do interſcCt ; for the point of inter- 
ſeftion ſhall be the Centre of the Meridian, Then lay a 
Ruler from Z to c, and it will cut the Horizon in W, the 
Weſt point thereof. 


An 


b 


3 


| 
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An Upright Plain Declining from the South Weſt- 
ward 24 deg. 20 min. 
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Thirdly, Having drawn the Meridian and the Horizon, 
take 5x deg. 32 mm. out of your Line of Chords, and ſet 
them upon your Plain, from H to B, and from N to 4d. 

Fourthly, Lay a Ruler upon W, the Welt point of the 
Horizon, (which is alſo the Pole of the Meridian) to b, 
and it will cut the Meridian in the point P, ſo ſhall Þ be 
the Pole of the World, through which point P, and Q (the 
Pole of the Plain) draw the ſtraight Line BPQ D, repre- 
fenting the Axis of the World, and the Subſtilar Line of 
the Dial. X | 

Fifihly, Lay a Ruler from W to d, andit will croſs the 
Meridian 1n the point A, fo is A one point in the Merj- 
dian, through which the EquinoCthial mult paſs : And the 
point W in the Horizon 1s another. So have you two points 
within the ' Cycle, by which to draw the Aquinottial 
which you may- do Geometrically, as is before taught. Or 
you may find it thus, the Centre of the Aquinoctial will 
always be in the Axis of the World, and therefore in the 
LineBPQD. Now to find the point, draw the Line /} 
 W, which divide in two equal parts in the point », upon # 
erect a perpendicular, till it cut the Axis of the World,ex- 
tended in ae. So is #: the Centre of the Aquinoftial, up- 
on which point you may deſcribe it. And thus have you 
drawn upon your Plain all the three Circles required, viz. 
the Horizon, Meridian, and the quinoGial ; by which may 
be found the three Requilites belonging to this Plain. 
For, 

1. To find the height of the Pole above the Plain, repreſented 

in the Scheme by the the Line P B. Lay a Ruler to G, 
where the /Equinodial cuts the Plain, and to P the 
Pole of the World,the Ruler will cut the Plain on the 
Oppolite fide in the point v. So the diſtance from B 
rov, meaſured upon the Line of Chords, will be found 
t2 contain 34 deg. 33 min. The height of the Pole 
above the Plain. 

2. Tofind the diſtance of the Subſtile from the Meridian, 

NIE repre- 
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repreſented in the Schemeby the Arches L B,or N D. Take 
in your Compalles the diſtance Z B, or ND, and you 
{hall find either.of them <qual to 18 deg. 8 min. ard 
_ is the diſtance of the Subſttle from the Nic- 
1:dian. 

3. 10 find the Plains diſſerence of Longitude, repreſented in 
the Scheme by the Anele AK P K. Lay a Ruler from P 
to A, 1t will cut the Plain in x, ſo the diſtance be- 
tween Dand x, meaſured upon the Line of Chords, 
will be 3o deg. And ſuch 1s the Plains difference of 
Longitude. 

Laſtly, Theie Requiſites being obtained, we come to the 
drawing of the Hours ; to effect which, lay a Ruler to P, 
the Polc of the World, and Z, the Interſection of the /-- 
quinottial with the Meridian, and it will cut the Plain 1n 
the point x, At this point x begin to divide the Semi- 
circle LxG, into 12 cqual parts, at the point © © ©, &c. 
Then laying a Ruler to Q, and every of theſe points 
© © © &c. it will cut the /Equinodial Circle, dividing 
that into 12 unequal parts in the points * * **, &c, 
Again, a Ruler laid to P, and every of theſe unequal parts 
IP * ec. will divide the Plain into 12 unequal parts 
in the points | | | ] &c. ----- Lay a Ruler to Q , andeve- 
ry of theſe points | | |., &c. drawing lines by the fide 
thereof,and they (hall be the true Hour-lines proper to luch 
a Declining Plain. 

Thus have you finiſhed the Hour-lines, the Subſtilar- 
line, (or the line upon which the Stile muſt ſtand) is the 
line Q D, falling (in this Dial) juſt upon the Hour-line of 
2 in the Afternoon, becauſe the Plain declined Weſtward. 
The Angle of the Stile is D Q R,containing 34 deg. 33 mw. 
and muſt be either of Plate or Wire brought to fuch an 
Ample, and muſt ftand perpendicular to the Plain, and 
direaly over the Subſtilar Q D. 

Now have you finiſhed your Dial, and in ſo doing you 


have in this one made four Dials, viz. 
H 2 A South 
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South declining Weſt e 
A uth declining Eaſt "I 
North declining Weſt ( 24 20 
North declining Eaſt 
Only placing of the numbers of the hours and the Stile 
reſpeftivelyupon each Plain. For in the South Weſt Plain, 
which we have now deſcribed, the Stile ſtands upon the 
hour of 2 in the Afternoon 3 in the South Eaſt declining as 
much, it will ſtand upon the Hour-line of 10 before-noon. 
And ſo all the morning hours of the Welt-decliner will be 
the Afternoon hours of the Eaſt decliner; and the Aﬀer- 
' noon hours of the Weſt decliner, will be Morning Hours 


The Four Opright Declining Dials. 
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of the Eaſt decliner : And fo the South decliner will pro- 
duce the North Weſt decliner ; and the South We!t decli- 
ner, the North Eaſt declincr, by only extending tle 
Hour-lines, Stile and Subſtile quite through the Centre. And 
that there my yet remam no doubt, I nave drawn all the 
four Dials in one, by which you may plainly ſec thatthere 
1s no difference between them, but what hath been already 
intimated, 

By this Figure you may plainly ſee,how that one Dtai is 
the Product of all theſe four, by obſerving the cautioris 
before delivered. So that it may ſeem ſupertluous to fay 
any more concerning thele upright declining Dials. Only 
before I leave them, I will (becauſe theſe Dials are molt in 
uſe) give you one other Example of an upright declining 
Plain, which by reaſon of its great declination from the 
Prime Vertical, or its Poles great deviation from the Me- 
ridian,cauſeth the Pole to have but ſmall Elevation, where- 
fore the Dial (as all ſuch like) muſt be drawn without a 
Centre, by the directions following. 


CHAP. VIII. 


How to draw the Hour-lines pow Qprieht far Declining 
Plains, which by reaſon of the jmall Elevation, which the 
Pole hath oz cr ſuch Plains, the Hours (if they be drawn fron 
a Centre)cannot be of any competent diſtance one from another. 


Hoſe Plains which lie near to the Meridian Circle, 
and whole Poles(conſequently )near the prime Ver- 
tical Circle, or Azimuth of Eaſt or Welt 3 the Pole hath 
but ſmall Elevatton above ſuch Plains, fo that the Hour- 
lines (eſpecially thoſe of them which f:ll near to the Sub- 
ſtile) trom the Centre, cannot be drawn at any competent 
diſtance, without a large cxtention of them. To remedy 
which inconvenience, you may draw the Hour-lines for 
ſu:h a Plain at a convenient diſtance, and in a little room, 
without 


54 Geometrical Dialling, 


without any regard had to the Centre. But before you 
proceed to draw the Dial, you muſt firſt find the three 
requilites mentioned in the laſt Chapter, viz, 

1. The height of the Pole above the Plain. 

2. The diſtance of the Subſtile from the Meridian. 

3. The Plains ditfcrence of Longitude. 


Example of an Upright South Plain, declining Eaſtward 
8o deg. in the Latitude of London 51 deg. 32 min. 


To find theſe Requiſites. 
Firſt, Draw the Circle ZH NO, crofling it with the 


diameters Z N, the perpendicular, and H O, the Hori- 
zontal Line of the Plain. 


yh” 


B 


N 
Secondly, Becauſe the Plain declineth 8 
(et 8o deg. from N to4, and from H to 4, o—_—_—_ 


I 


Thirdly, 
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Thirdly, Lay a Ruler to Z and a, it will cut the Hori- 
zon in S, the South point thereof, and a Ruler laid to 
Z and b, will cut the Horizon in E, the Eaſt point thereof. 

Fourthly, Having the three points Z S and N, through 
them draw the Meridian Z $ N, whoſe Centre (by any of 
the ways before taught) will be found to be at »-. 

Fifiklz, Out of your Line of Chords take 51 dep. 32 m. 
the Latitude, and ſet them from Oto c, and from N to 4. 
Then laying a Ruler from E to c, it will cut the Merid#- 
an in Þ the Pole of the World; through which point P 
and Q , the Centre of the Plain, draw the right line PQ B, 
for the Axis of the World. Allo, the Ruler laid from E 
to d, will cut the Meridien 1n /E, fo 1s X one point in the 
Meridian, through which the Xquinoctial muſt paſs, and 
R is another point in the Meridian (extended) without 
the Circle, and a third point is E, the Eaſt point of the Ho- 
rizon. Now foraſmach as theſe three points R E #F, 
through which the AquinoTial 1s to be drawn, are almoſt 
in a ſtrait line, ſo that the Centre of it will be at a very 
great diſtance, we will forbear deſcribing of that Circle, 
and content our ſclves that we have found the points RE 
MX, through which it ſhould paſs; becauſe we ſhall draw 
the Hour-lines in this and the like caſes by other means,and 
theretore I ſhall procced tofind the other Requilites. And, 


1. To find the height of the Pole above the Plain repreſen- 
ted by P C. —— Takego deg. of your Line of Chords, 
and (ct them from c to e, a Ruler laid to eand P, will 
cut the plain in o,fo is O C the height of the Pole (or 
Stile) above the plain, viz. 6 deg. 12 min. 

2. To find the diſtance of the Subſtile from the Meridian, 
repreſented by B Nor Z c. —— Take the diſtance 
B N or Z C (which 1s equal thereto) in your Com- 
paſſes, and meafnre it upon your Line of Chords, fo 
you ſhall find it ro contain 38 deg. 4 min. which is 
diſtance of the Sabſtile from the Meridian. h 

3. To 
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An Eref South Plain Declining Eaſtward 80 deg. 
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. to ſnl the Plains difference of Longitude, repreſented 
ly the Angle © Þ LE, Lay a Ruler upon P 
37d /t,, it wall cut the Plain 1n g, the diſtance g B, 

mezſured 
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meaſured upon the Line of Chords, will contain 82 d. 
3 min. the Plains difference of Longitude. 
Theſe three Requifites being thus found, I will now 
_ to draw the Dial without any regard had to the 
entre. 


How to draw the Honr-lines upon the Plain. 


Firſt, Draw a right line A B, for- the perpendicular 
line of your Plain, and upon A as a Centre, with 60deg. 
or the Radius of your Chord,deſcribe an obſcure Archof a 
Circle CD E, and thereon from C to D, ſet 38 deg. 4m. 
the Subſtiles diſtance from the Meridian before found, and 
draw the Linz A D for the Subſtile, quite through the 
Plain. 

Secondly, Take 6 deg. 12 min. the height of the Pole 
above the Plain from your Chord, and ſet them upon the 
ſame Arch fiomD to E,and draw the line AE forthe Stile. 

Thirdly, Foraſmuch as the Stile A E in this caſe is but of 
ſmall Elevation, viz. but 6 deg. 12 min. Draw the line 
GH parallel to A E, at ſuch convenient diſtance, as you 
ſhall think fit, for your new (or augmented) Stile, to ſtand 
from your Subſtile A D. 

Fourthly, Aſſume any two points in the Subſtile A D, as 
R and S, and through theſe two points draw two infinite 
right Lines, both of them at right Angles to the Subſtilar 
line A D, as the lines Z Z, and X X. 

Fifthly, From the point R, take with your Compaſles 
the leaſt diſtance to the new augmented Stile G H, and ſet 
that diſtance upon the Subſtilar line, from R to K: Alſo, 
from the point S, take the lealt diſtance to the new Stile 
GH, and ſet that diſtance alſo upon the Subſtilar line from 
S to L. 

Sixthly, Upon the two points K and L (as upon two 
Centres)with 60 deg. or the Radius of the Line of Chords, 
deſcribe two portions of Circles, and in either of them wo 
[ O 
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off 82 deg. 8 min. the Plains difference of Longitude, as fiom 
$ to M, and from R to M,both on the fame fide of the Sub- 
ſtilar line, on which the perpendicular line of the Plain 

A B was drawn. 

Seventhly, Divide cither of the Semicircles laſt drawn, 
into 12 equal parts, at the points © © ©, &*. beginning 
this diviſion 1n either of them, at the point M. 

Eightly, Lay a Rulcr to the point L, ard every of the 
diviſions © © ©, @#*c. and the Ruler will cur the Con- 
tingent or /HquinoGial line X X, in the points * * *, ec. 
Alſo a Ruler laid to K, and each of the points © © ©, exc. 
will cut the other Contingent Z Z, inthe points ** *, e+c. 

Laſily, Lines drawn from the point * in one Contingent 
line, to the point * in the other Contingent line, each to his 
correſpondent (which the Subſtilar line will direct you how 
to do) thoſe lines ſhall be the truc Hour-lines belonging to 
ſuch a declining Plain, and be drawn as 1n the Figure you 
ice done, at a competent diſtance one from another, with- 
out any relation at all had to the Certre of the ial. 

Thus have you finiſhed your 731), 2nd in the making of 
this, you have made a South declining Welt 80 deg. allo; 
for if you turn the Paper, and look through it, it will on 
the back-ſide be a South declining Weſt 8: dey, on!v the 
Forenoan- hours 18 this, muſt be the Aﬀceritorm hours 1n 
that: Nay,in 11g0ur, you have 1n this ote 1:5! made four, 
2iz. a North declining either Eaſt ©: Welr, © you well 
obſcrve what was faid and done 11 the loft OC toiter, 

And thus have I done with all Oprieht, or Fr.7 Plains, 
either Dire@ or Declining. 1 ſhall rw procte:) co ſhew 
you how to inſcribe Hour-lincs ap or: fuct Plains as 
are not Upright, but Rechxe from the Zenit, and of 
_ there are ſuch as are Dire&#, and ſuch as do De- 
cline, 


_ UL Of 
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CHAP. IX. 


Sin Upright Plains rchere were two Varieties, viz. 

"A Erc# DircH, and Erect Declining. So are there of 

Reclinive Plains ally. For ſuch Reclining Plains as do di- 

rectly behold cither the true Eaſt, Weſt, North or South 

poin:s of the Heavens, that is, whoſe Poles lie, either inthe 

Nleridizn, or Prime Vertical Circle of the place, are called 
Dire Reclining Plains. 

Again, Thule Reclning Plains, which do not directly 
lic 1n or their Poles be not in the Prime Vertical or Meri- 
clian Circles of the place, but deviate therefrom, are called 
Declining Reclining Plains, Ot both which forts I ſhall 
give you an account, and the manner of infcribing Hour- 
lines upon them, for in theſe Plains there is far more varie- 
ty, than there was in Opright or Ered Plains. 


Of Dirc& Reclining Plains, &>c. 
I. Of Eaſt aud Welt Recliners. 
CHAP. X. 


How to draw the Hour-lines upon a Dire& Eaſt or Welt 
Reclining or Inclining Plain. 


Sin Upright Declining Dials, Two things muſt be given, 

and Three things muſt be found, before the Hour. lines 

could be drawn. In theſe dire&t Reclining Flains Two 

things mult alſo be given, and Three muſt be found, before 
the Dial can be made. 

| [ 2 The 
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The Things that muſt be given are, 


1. The Latitude of the Place. 

2. The Reclination of the Plain. 

The Reclination of a Plain(as hath been before declared) 
is the Arch of an Azimuth or Vertical Circle, intercepted 
between the Zenith of the place, and the Reclining Plain. 


Example, Of an Eaſt or Weſt Plain, Reclining 35 deg. in 
the Latitude of London 51 deg. 32 min. 


d. m. 
"Latitude of the Place ee: 6 
Data \ Reclination of the Plain 35 co 


The height of the Pole above the Plain. 
Quazlita 3 The diſtance of the Subſtile frons the Meridian. 
.The Plains difference of Longitude. 

FExſt, Draw the Circle N ES R, repreſenting the Re- 
clining Plain, and croſs it with the two Diameters NQ S, 
the Horizontal Line of the Plain, and Hour-line of 12 a 
Clock, and E Q R for the Prime Vertical Circle. 

Seeondly, Becauſe the Plain reclines 35 deg. take 35 deg. 
out of your Line of Chords, and ſet them from E to a, and 
fromN to b. 

Thirdly, Lay a Ruler from Sto a, and it will cut the 
prime Vertical Circle in Z, fois Z the Zenith of the place---- 
Alſo a Ruler laid from S to b, will cut the ſame Vertical 
Circle in W,by which point the Horizon of the place muſt 
be drawn. 

Fourthly,The points Zand W being found, you havethree 
points through which you mult deſcribe the Meridiarr, viz. 
N ZandS; and as many alſo through which you muſt draw 
the Horizon,namely,N W and. The Centres of both which 
Circles will fallin the LineE Q R (extended ifneed be) and 
the mannerhow to find them hath been oftenenoughalready 


taught, Fifibly, 
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Eaſt and Weſt Inclinine. 


ff 
* 8 & 1 
2 —_—_ I a9 


Fifthly, Becauſe the Latitude of the place is 51 deg. 
32 min. Take 51 deg. 32 min. from yuur Line of Chords, 
and ſet them upan your Flain from $ to c. Then lay a Rn- 
ler upon W the Weſt point of the Horizon, and the point c, 
the Ruler will croſs the Mer:dian Circle in Þ the Pole of 
the World; through which point P and Q, the Centre 


Cor 


OO > — —— 
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(or pole of the Plain) draw the right line PQ, which 
ſhall be the Axis of the World, acd Subſtilar Li.ic of your 
Dial. 

Sixthly, Take go deg. of y-'1r Line of Chords, and ſet 
them upon the Circle of your Plain from ec to 4,” rhen lay 
a Ruler from W to d, and it will cut the Meridian Circle 
in AF, ſo is /£ one point in the Meriaiar, through which 
the /Eiquinotial Circle muſt be drawn, and W the Weſt 
point of the Horizon 1s another; ſo have you two points 
within the Circle, through which you muſt deſcribe the 
ftiquinedial Circle, whoſe Centre will beinthe Line PQ, 
th2 Axis of the World, (extended if necd be) the manner 
how to {ind it hath been already taught ſeveral ways. 

Having thus projeted the Meridian, Horizon and A&- 
q:irodial, you may ftnd the three Reqtufites, as follow- 
cth. 

I. To find the height of the Pole above the Plain P kh, Lay a 
Ruler to gand P, it will cut the Plain on the oppo- 
ſite fide in þ; fo k þ meaſured upon the Chords, will 
be 25 deg. 41 min. The height of the Pole above the 
Plain. 

. To find the diſtance of the Subſtile from the Meridian 
Sh, Take 5h in your Compatlles, and raeafure it 
upon the Chord, it will be found 45 deg. 52 min. 
The diſtance of the Subſti'« from the Meridian. 

. To find the Plains difference of I ongitude, PQ, A 
Ruler laid from P to /F, will cut the Plain in e, the 
diltance trom O th« Subſtile,to e, will contain 66 deg. 
27 min. of the Chord, which is The Plains difference 
of Lonenuae. 

Theſe Reguiſetes being obtained, you may proceed to 
find the Hour diſtances upon the Plain in this manner. 

Seventhly, Lay a Ruler to P the Pole, and Z the inter- 
ſection of the Meridian with the /EquinoTial, and it will 
cut the Plain ine. Ate begin to divide the Semicircle into 12 
equal parts, at the points © © © &&*c. 


2 


(8) 


Eightly, 
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Eightly, Lay a Ruler to Q, and the ſeveral points 
© © © &c«. and it will cut the Aquinodial Circle in 
the points * * * ec. dividing that mto 12 equal parts. 

Ninthly, Lay a Ruler to P,and the ſeveral points ** * &+c. 
and it will cut the Plainin the points | | ] e*c. 

Laſily, li from the Centre Q,, you draw right Lines 
through the points | | | &*c. they thall be the true Hour- 
lines belonging to your Reclining Plain. 

And thus have you finiſhed your Dial, and a!fo in it 
Four Dials: For the Dial as it here ſtands in the Scheme, 
1s properly an Eaſt and Welt Incliner, but being turged 
uphde down, as you fee the hours numbred, and the word 
Zenith [tanding upwards, it is an Faſt Recliner; and if 
the Hour-lincs be curned (or ſuppoſed to [tand) on the 
right hand of the Prime Veriical Line EQ BR, as in this 
Sche.ne they doon the Icft hand, and the houcs of 4,5,6, Ce. 
m the Mo. -mg, c:ang-d to 8, 7, 6, Cc. mn the Evening, 
the Plain 15 then a Feſt Recliner, And it the Hour-linces 
be drawn thiowph the Ceritre of cither of them, the Plains 
then bucome Eatt and Welt [nclivers;, the hours and Sub- 
ſtiie inail retaining the fameplace,only the deriominations of 
the [ous changed, cc. you mult remembcr, that in all 
Latt and Welt Reclnis, the North Pole 1s elevated, and 
In all Inchin»rs {oppoſe to them) tlic Soutn Pola 


7 


— — ——  — 


I I. Of South Recliners. 
CHAP. XL 


How to draw the Hour-lines upon Diref South Re- 
clining or Incluung Plus. 


N the Eaſt and W:'' Revliningand Inclining Plains, be- 
fore deſcribed, th Mer;dian, or 12 a Clock How:-line, 


did he 1n the Aorizo:,4.. Line of the Plain, and the Polcs 
thereot 
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thereof in the Prime Vertical Circle. So (on the contra- 
ry )in theſe South and North Recliningand Inclining Plains, 
their Horizontal line lieth in the Prime Vertical Circle, or 
hour of 6, and their Poles in the Meridian, and from hence 
they receive their denomination. 

Of thele Dire& Reclining Plains there are Six Varieties, 
Viz. three of South Recliners, and as many of North Re- 
cliners. For, 

1. The South Plain may Recline, ſo as it may juſt 
fall in the Axis of the World, and ſo paſs through the 
Poles of the World, and then it is called an /EquinoTial 
Plain, becauſe the poles thereof lie in the /Equinodial 
Circle, and neither of the poles have any Elevation above 
it, wherefore the Hour-lines muſt be all parallel one to 
the other, and ali of themto the Axisof the World,and the 
Dial muſt be drawn as the Ere& Dire& Eaſt or Weſt Dials 
were. Only, whereas theStile ſtood upon the Hour-line 
of 6 in the Eaſt and Wet, in thefe plains it mult ſtand up- 
the Hour-line of 12, and be of equal height with the di- 
ſtance between the hours of 12 and 9, or 12 and 3, which 
are equidiſtant from the Meridia. 

2, Or Secondly, The South Plain may fo Recline, that 
it may fall between the Zenith and the North Pole, and 
then is the South Pole elevated above ſuch a Plain. Or, 

3. The North Plain may fo Recline, that it may fall be- 
tween the Horizon and the North Pole, and then is the 
North Pole Elevated. 


Examples of theſe three Varieties of South Reclinin 
4 Plains do here follow. 4 


Geometrical Dialling. 
The Firſt Variety. 


CHAP. XII. 


How to draw the Hour-lines upon an Equinottial Plain, 
Reclining juſt to the Pole. 


Uppoſe a South plain ſhould Recline 38 deg. 28 min: 

in the Latitude of Loxdox 51 deg. 32 min. 

Firſt, Draw the Circle WPE R, repreſenting your 
Reclining plain, and croſs it with the two Diameters P Z 
SR, for the Meridian, and W Q E, the Horizontal line 
of the plain. 


P 


Secondly, Becauſe the plain Reclines 38 deg. 28 min. 
take 38 deg. 28 min. out of your Chord, and ſetthem from 
Ptos, and from E to 6. 

Thirdly, Lay a Ruler from W to a, it will cut the Me- 
ridian 1n Z, ſo is Z the Zenith of the place, through which 
point, and the points W and E (the Weſt and Eift 
p_ of the Horizon ) draw the prime Vertical Circle 


SE, 
K Fourthly, 
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Fourthly, Lay a Ruler from W to 6, and it will cut the 
Meridian 1n S, through the points W S and E, draw the 
Horizon of the place W SE. 

Fifthly, Becauſe the Latitude of the place is 51 deg. 32 
min. ſet 51 deg. 32 min. upon your plain from E to a, and 
it will cut the Meridian P Q R, in the point Z the Zenith, 
then (becauſe the pole of the World is removed from the 
Zenith, (always) ſo much as is the Complement of the La- 
titude, which here jn this Example is 38 deg. 28 min.)take 
therefore this diſtance 38 deg. 28 min. and ſet it upon 
your plain from «a, and you ſhall find, that the Compaſs- 
point will dire&ly fall in the point P, which is the Pole 
of the World and is the very place where the Reclining 

| Plain, and the Meridian of the place do interſe&, which 
clearly demonſtrates,that the Pole hath no Elevation above 
this Plain, and by this means, the Line W Q E, becomes 
to be the ZEquinoBel, and} a ſtrait Line, wherefore the 
Hour-lines muſt be all pazallel one te the other, and all 
of them to the /Axig.ef The World, and the Dial muſt be 


drawn 1n this manner. 
g * 


To dtaw the Mi 


Firſt, Draw\.the Riake ine A B, for the Horizontal 
Line of the Plain, and crof$ it about / the middle thereof 
at Right Angles, with the Line 12-Q 12 for the Meridian - 
and Hour-line of 12. "og 

Secondly, Upon the Line 12 Q 12, either above or be- 
low Q ,, aflume any point, as S, and ſetting one foot of 
your Compaſlts therein (it being opened to the Radius of 
your Line of Chords) deſcribe the Semicizcle C D E,which 
divide into 12 equal parts, beginning at D. 

 Thirdh, Lay a Ruler to S,and the ſeveral points © © © 
JO. it will croſs the /EquizeGial Line A B, in the 
points * * * gc, 


Laſily, Through theſe points * * * ec. draw Right _ 
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all parallel to the Line 12 Q 12, and fo is your Dial 


finiſhed, 
A Dire#® Equinodial Dial. 
Rs CONT LIE Es 
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The Stile may be either a ſtrait Pin, of the length of 
theline Q S, ſet perpendicular to the Plain upon the point 
Q ; the ſhadow of the top thereot only giving the Hour. 
Or it may be a plate of the breadth of the diſtance that 
is between the Hour-lines of 12 and 3, or 12 and 9g. and 
then will the ſhadow of the upper edge thereof, give the 
hour of the day. $7. 


————c_ _J— 


The Second V ariety 
CHAP. XIL 


How to draw the Hour-lines upon a DireQ South Reclining 
Plain, which falls between the Zenith and the Pole. 


Let the Example beef a South Plain Reclining 25 d. 
in the Latitude of London 51 deg. 32 min. 


rf, Draw. the Citcle W DER, repreſenting your 
Fans Plain,croſs it with the two Diameren N R, 
K 2 


for 
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for the Meridian and Hour-line of 12, and WE, for the 
Horizontal line of the Plain, and Hours-line of Six. 

Secondly, Take 25 deg. the Plains Reclination, out of 
your Line of Chords, and ſet that Diſtance from D to a, 
and from E to b. 

Thirdly, A Ruler laid from W to, will give Z the Ze- 
2ith of the place; and a Ruler laid from W to b, will give 
S the South point of the Horizon; both which Circles 
W ZE, the Prime Vertical and W R E the Horizon, may 

-. be drawn, as hath often enough already been ſhewn,their 
Centres being always in the Meridian Line N QR, exten- 
ded if need require. | 


|» | Inno ons nn ron "= CINE ? gn: aP XX 
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Fourthly, Becauſe the Pole of the Warld is, always dr 
ſtant from the.Zenith, the Complement of the Latitude of 
6s HEAR the 
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the place, viz. here at London, 38 deg. 28 min, Take 
(therefore) 38 deg. 28 min. out of your Line of Chords, 
and ſet them upon your Plain from a,the point which found 
the Zenith to GC 

Fifthly, Lay a Ruler from W to C, and it will cut the 
Meridian N Q R, (being thus extended) in P, o is P the 
North Pole of the World, and becauſe it falleth without 
Plain,it is evident by the Scheme, that this Reclining Plain 

alſeth through the Meridian, between the Zenith and the 

ole. And again, becauſe the North Pole P falleth with- 
out the Plain, it alſo demonſtrates that the South Pole muſt 
be elevated above this Plain. Wherefore, 

Sixthly, To find the point of the South Pole upon the 
Meridian line N Q R, do thus. Becauſe the two Poles are 
180 deg, diſtant from each other, viz. two Quadrants, or 
twice 90 deg. Take therefore go deg. out of your Line of 
Chords, and ſet them twice upon your Plain from C, 1z. 
firſt from C. to e, and then from e to », ſo ſhall the 180 deg. 
endin#: And a Ruler being laid from W to », (hall croſs 
the Meridian in A,the South Pole; ſo is the South Pole A, 
elevated above the Reclining Plain, the quantity of A R, 
which is equal to the Arch R », which meaſured upon the 
Line of Chords will be found 13 deg. 28 min. 

Seventhly, Lay a Ruler from W toe, and it will cut the 
Meridian in A, fois X that point in the Meridian through 
which the /EquinoGial muſt paſs. Asalſo through the points 
E and W, the Eaſt and Welt points of the Horizon. 

Eighthly, For the Hour-lines, They are to be drawn in 
all reſpe&ts as the Mour-lines were upon the upright South 
Plain, without any alteration, only there the Stile was ele- 
vated according to the Complement of the Latitude 38 deg. 
28 min. here it muſt be elevated” only 13 deg, 28 min. 
as in the. Scheme. The manner how the Hour-lines are to 
beput on, I ſþall only repeat, but I ſhall forbear drawing 
them, leaving that to your own praGtice, in regard there is 


no. alteration at all from the*Ete&t Dire& South Plain. 
Where- 
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Wherefore divide the Semicircle of your Plain W R E in- 
to 12 equal parts, (beginning at R, and fo 6 equal parts 
on either ſide of the Meridian N QR-) Then lay a Ru- 
ler toQ, andevery of thoſe 12 diviſions, it will divide 
the Aquinodtial into 12 unequal parts. A Ruler laid from 
P to every of thoſe unequal parts in the Aquinottial, will 


divide the Plain into 12 other unequal parts, through 


which Jaſt 12 unequal parts, and the Centre Q , if you 
draw right Lines, they ſhall be the true Hour-lines proper 


for the Plain. 


And here by the way note, for that the Aquinottial 
Circle in this Scheme 1s a very oblique Arch, the 
Centre of it will be very remote, and the Hour-ſpa- 
ces upon it (as alſo upon the Plain) will be very 
cloſe together in theſe ſmall draughts, which is occa- 
fioned by the ſmall Elevation that the South Pole 
hath above this Plain, viz. but 13 deg. 28 min. 
which you might find without drawing of the Scheme 
by ſubſtrating 25 deg. the Plains Declination repre- 
ſented in the Scheme by the Line (or Circle) DZ, 
from Z P, the Complement of the Latitude of the 
place. And therefore, foreſceing that the Pole hath 
but ſmall Elevation above the Plain, and alſo what 
Pole, whether North or South that is elevated : The 
better way will be to augment the Stile, and to draw 
the Dial according to theſe following DireCtions. 


How to draw the Hour-lines upon the Plain. 


In the Scheme following, draw, Firſt, The right Line 
WOQE, for the Horizontal, and perpendicular thereunto, 
in the Line $ Q R, for the Meridian and Hour-line of 12, 
which extend above the Horizontal Line to S. 

Secondly, Upon S as a Centre, with 60 deg. of your 
Chard, deſcribe a ſmall Arch of a Circle, and upon : ſet 

13 drg. 


Geometrical Dialling. 71 


13 deg. 28 min. the height of the Pole above the Plain 
from A to B, and draw the Line $ B for theStile, 


South Reclining 25 Degrees. 
S | 
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Thirdly, At any convenient diſtance, anſwerable to the 
largeneſs of your Plain, draw a Line parallel to W E, as 
the Line CDF. 


Fourthl y, 
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Fourthly, Set one Foot of your Compaſſes in D, and 
with the other, take the neareſt diſtance to the Stile $ B, 
which diſtance ſet upon the Meridian from D to H. 

Fifthly, Upon the point H, (your Compaſles opened to 
60 deg. of your Line of Chords) deſcribe the Semicircle 
K QL, which divide into 12 equal parts, in the points 
© © © @*c. 

Sixthly, Lay a Ruler unto H, and upon every of the 
points© © ©, exc. and it ſhall cut the /EquiroGial Line 
CDF, in the points* * * ec. through which the Hour- 
lines muſt paſs: Wherefore, if from the Centre S, and 
through the ſeveral points * * * ec. in the Line CDF, 
you draw ſtrait lines, bounding them between any two 
lines as W E, and M N, th&y ſhall be the true Hour-lines. 
Or, 

Seventhly, It you draw another Tangent line, and de- 
ſcribe another Semcirole,. and divide it, and the other 
line,as you did the former,ſo ſhall the lines drawn through 
the reſpt Ive point * * @41n either of the FAiquinoGial 
(or Tatgent-lines) the the trae\Hour-lines bclonging to 
your” Plain, without _any regard had to the Centre at all, 
as yqu before did, in Upright far Decliners. © 


_ ——rnentencs | _ CT 
FRE 

' The Third V ariety. 
CHAP..XIV. 


How to' draw the Hours-lines upon 4 Dire South Reclining 
Plain, which paſſeth between the Pole and the Horizon. 


Let the Example be of a South Plain, Reclining 55 deg.in 
the Latitude of Loxdor, 51 deg. 32 min. 


Irſt, Draw the Circle WNE#R, for your Reclining 
þ Plain, croſs it with the two Diameters N Q R, the 
Meridian 
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Meridian, and WQ E, the Horizonta! Line of the 
Plain. 

Secondly, Take 55 deg. the Plains Reclination, out of 
your Line of Chords, and ſet that diſtance from N to 4, 
and from E to b. 

Thirdly, Lay a Ruler trom W to 4, it will cut the Me- 
ridian in Z, fo is Z the Zenith of the place, through which, 
and the points W and E. draw the prime Vertical Cucle 
WZE. 


Fourthly, Lay a Ruler from W to b, and it will cut the 
Meridian 1n $, the South point of the Horizon, through 
which, and the points W and E, the Horizon of the place 
WSE mult be drawn. 

Fifthly, The Pole being diſtant from the Zenith of the 
place 38 deg. 28 min. equal to the Complement of the La- 
titude, ſet 38 deg. 28 min, from a to c, and aRuler laid 
from W to c, ſhall cut the Meridian in P the Pole of the 
World, and go deg. of your =—_ of Chords being ſet 

from 
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from c to #,and a Ruler laid from W to #, ſhall cut the Me- 
ridian in through which,and the points W and E muſt 
the /EquinoGial Circle be deſcribed : The Centre where- 
of, as alſo of the Horizon and prime Vertical Circles, are 
all in the Meridian NQ R, extended where need re- 
quires, and how theſe Centres are to be found, is ſhewed 
already. 

Sixthh, For the drawing of the Hour-lines, they muſt 
be drawn as in the Erect Direct South Plain, or as was di- 
rected in the laſt Plain, and fo TI ſhall ſay no more of them 
in this place; only take notice, thatthe North Pole is ele- 
vated above this Plain, the quantity of the Arch N c,which 
1s 16deg. 32 min. 

Theſe are the three Varieties of South Dire& Reclining 
Plains, and in the making of theſe, you have alſo 
made the oppoſite Incliners as much, for each Plain 
hath two faces, the one open to the Zenith, and the 
other to the Nadir of the place, 


[1]. Of North Dire& Recliners. 
CHAP. XV. | 


How to draw the Hour-lines upon a Direct North Reclining 
Inclining Plair. 


Sin South Reclining Plains there were Three Varie- 
ties, ſo alſo are there as many in the North Recli- 
mers; For, 

1. The North Plain may ſo Recline, that it may paſs 
through the Meridian, juſt at the interſeCtion of the Meri- 
dian with the KiquinoTial, the plain it (elf lying in the A&- 
quinotial Circle, and the poles thereof in the Poles of the 
World, and fo it js called A Polar Plaiuv. Or, ” 

2. The 
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2. The Plain may fo Recline, that it may cut the Me” 
ridian between the Zenith and the /EquinoGial. Or, 
3. It may Recline fo far, as tocut the Meridian between 
the A:iquinoGial and the Horizon. 
Examples of theſe three Varieties of North Reclining 
Plains follow. 


The Firſt Variety 


CH AP. XVI. 


—_—  — —C FJ©l_—_— 


How to draw the Hour-lines upon a Dire& Polar Plain, which 
Reclineth juſt to the Aquinoctial. 


Example of a North Plain,Reclining 51 deg. 32 min. equal 
to the Latitude of the Place wiz. London. 


Trſt, Deſcribe the Circle E A W R, for your Plain, 
þ croſs it with the Diameters MK Q R, for the Meridi- 
an, and W Q E for the prime Vertical Circle. 

Secondly, Set 51 deg. 32 min. the Reclination of the 
Plain (which in this Example 1s alſo equal to the Latitude 
of the place) from A to a, and alſo from W to b. 

Thirdly, A Ruler laid from E to a, will cut the North 
part of the Meridian in Z the Zenith of the place, and be- 
ing laid from E to b, it will cut the Meridian in N, fo is N 
the North puint of the Horizon. 

Fourthly, Throtgh the pomts W Z and E (by former 
directions) draw the prime Vertical Circle, or Azimuth of 
Ea(t or Welt, WZ E. And allo through W Nand E, 
draw the Horizontal Circle W N E. 

Fifthly, Becauſe the Pole of the World is always remov- 
ed from the Zenith of the place, ſo much as is the Com- 
plement of the Latitude (in this Example 38 deg. 28 min.) 
Set 38 deg. 28 min. from « (the point in the Plum, which 
found the Zenith point Z,) Northward of the Zenuth, and 


the Compaſs-point will fall in W, the Welt point of the 
L 2 Hort- 
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Horizon; ſo that if a Ruler were laid fromW to FE, it 
would cut the Meridian in Q, for the Pole of the World, 
which is already the Centre of the plain, ſo that the pole 
of the World, and the pole of the plain fall both in one 
point, and the pole Q is elevated above the plain godeg. 
viz. the quantity of the Meridian Line & Q ,or rather the 
Arch XA W, which is the meaſure thereof. 


A Dire# Polar Dial South. 


wi 


yixthlz, To draw the Hours upon this Plain, it is caſicſt 
of all others, for if you divide the Semicircle E R W, 
into 12 equal] parts in the points © © '© exc. and through 
thoſe points draw ſtraight lines from the Centre Q , they 
ſhall be the true Hour-lines belonging to this Polar Plaiz. 
And this Plain, by reaſon of its North Reclination,js,in 
Summer, capable of receiving all the hours from Sun riſing 
ro 
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to Sun ſetting, and therefore the Hour-lines of 4 and 5 in 
themorning,and of 7 and 8 at night muſt bedrawn through 
the Centre, as you did in the Vertical or Horizontal Dial, 
and as you (ce here done in this Figure, 

The Stile of this Dial muſt be a (trait Pin or Wire, ſet 
perpendicular upon the Plain, from the Centre Q_, and 
of any length. And this for the. Firſt Varicty of North 
Recliners. 

The South Inclining Plain oppoſite to this, is directly 
the ſame, only the forenoon hours in this mult be the At- 
ternoon hours in that,and the hoursof 4 and 5 in the mor= 
ning, and of 7 and 2'1in the Evening mult be omitted. 


— — - —— 


= —— —_—  _— —  — —— —  — — 


The Second Variety. 


CH AP. XVII. 


How to draw the Hour-lines upon a North Reclining Plaiy, 
which interſeFs the Meridian between tle Lenth and the 
A.quinoctial. 


Let th: Example be of a North Plain, Reclining 25 deg. 


lr}, Draw the Cicle E $ W R, repre{.nting your 

North Reclining Plain,and croſs it with the two Dia- 
meters 5 Q R, the Meridian of the Place, and © Q W, 
the Horizontal Line of the Plain. 

Secondly, Sct the Reclination of the Plain 25 d. g. from 
$ to a, and from W to b. 

Thirdly, Lay a Ruler from E to 4, it will cut the Meri- 
dian in Z the Zenith. And a Ruler lid from E to b, will 
cut the Meridian in N the Notth point of the Horizon: fo 
have you three points E Z and W, whercby to draw the 
prime Vertical Circle E Z W, and three points allo, viz. 


E N and W, wherelky to draw the Horizon E N W. 
Fourthly, 


ones nn RI no 
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Fourthly, Becauſe the ZquinoQtial is always 90 deg, di- 
ſtant from either of the Poles,ſet go deg. upon your Plain, 
from c to d. Then laying a Ruler to E and d, it will cut 
the Meridian in X, ſo is & the point of the interſection of 
the AquinoCtial, with the North part of the Meridian 3 
wherefore through the points E # W, deſcribe the Aqui- 
noctial Circle ; the Centre whereof, as alſo of the Hori- 
zon, and prime Vertical Circle, will fall in the Meridian 
SQ R, extended where need requires. 


Fiſthly, The Horizon, AMquinoCtial and Pole, being 
thus ſeated in their true poſitions upon the Plain 3 the 
thing required in this Dial, is, The height of the Pole above 
the Plain, which may be found in this manner. ----- Lay a 
Ruler from E to P, and it will cut the Plain in c, the di- 
ſtance Sc, meaſured upon your Line of Chords, will con- 
tain 62 deg. 28 min. which is the height of the pole above 
the Reclining Plain. . 

Laſtly, For the drawing of the Hours, that is done the 

ſame 
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ſame way as 1n the Ere& Dire& South Plain, only here the 
Stile mult beelevated above the Meridian line 63 deg.28 m. 
whereas there it was only 38 deg. 28 min. the Comple- 
ment of the Latitude. The North Pole is elevated above 
this Plain, and the Hours that the Plain is capable to re- 
ccive, are 4, 5, 6, 7, ®, and 9 in the Morning, and 3, 4, 
5, 6, 7, and 8 at Night. 
The height of the Pole (or Stile) above this Plain may 
be found by adding the Complement of the Latitude 
38 deg. 28 min. anc 25 deg. the Reclination toge- 
ther, the ſumm whereof is 63 deg. 28 min. the height 
of the Stile, as betore. 


The Third Variety. 


CHA P. XVIIL 


How to draw the Hour-lines upon a Dire& North Reclining 


Plain, which interſeis the Meridian between the Aquino- 
(ial and the Horizon. 


Let the Example be of a Dircit North Plain, Reclining 
70 deg. in the Latitude of London 51 deg. 32 min. 


Irſt, Draw the Circle E $ W R, repreſenting your 

North Reclining Plain, and croſs it with the two Dia- 

meters SQ R, for the Meridian of the Place, and with 
E Q W, the Horizontal Line of the Plain. 

Secondly, Set the Reclination ot the plain 70 deg.from 
Sto a, and from W to b. 

Thirdly, Lay a Rulerto E and a, it will cut the Meridian 
in Z the Zenith, through which, and the points Eand W, 
draw the prime Vertical Circle E Z W. —— Alto, lay 
2 Ruler from E to b, it will cut the Meridian in N, the 1n- 


terſection: 
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terſe&tion of the Meridian with the North part of the Ho- 
rizon, now through the points E N and W, deſcribe the 
Horizon of the place E N W. 

Fourthly, Foraſmuch as the Pole is diſtant from the Ze- 
ith of the place 33 deg. 28 min. (equal to the Comple- 
mcnt of rhe Latitude) fect 38 deg. 28 min. from a, the 
point which gave th: Pole Pto c, and laya Ruler from 
E to c, ſo ſhall it croſs the Meridian in P, the Pole of the 
World. 

Fifibly, Becauſe the /:quinoctial is 10 all places ſituate 
00 deg. ttom either Pole, Take go deg. in your Compatics, 
and fet them off from c,fthe point which gave the Pole P) 
both ways,to e above,and to g below. So a Ruler laid from 
L 16g, will cut the Meridian (it being extended) in AX, 
without the lain, which ſhews that the North part of the 
EquinoCtial Circle lies below this Flain. Thercfore,lay a 
Rulcr fromEtoe, and it will croſs the Meridian in AX 
above, within the plain. So 1s A the point where the Me- 
ridian, and the South point of the Aquinoctial will inter- 
ſc, and through that point, and the points E and W, mult 
the Aquinoctial E A: W, be drawn. 

Sixthly, the Horizon, Pole and Aquinoctial, being thus 
projecto, the thing required in this plain, is, The height of 
tle Pole above it, wiz. P R, which may be found in this 
Manner. Lay a Ruler from Eto P, ard it will cut the 
plan 10 c, the diſtance from R toc meaſured upon the 
Chord, will be 71 deg. 32 min. whichis the height of the 
pole above this Reclining plain. —— Or the height of the 
pole above the plain may be found, by adding the plains 
Rechnation 70 deg. to 38 deg. 28 min. the Complement 
of the Latitude, the Summ whereof is 108 deg. 28 min. 
which taken from 180 deg. the remainer will be 71 deg, 
32 min. as before. 

Laſtly, For the drawing of the Hour-lines,they are done 
10 all reſpects as thoſe before in South Erect Plains, only in 
this make the Elevation of the Stile 71 deg. 32 min, as you 
find it by yourprojeftion. Your 
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Your Hour-lines being drawn, ere the Stile 71 deg. 
32 min. above the Meridian or Subſtile, letting it point up 
to the North Pole, becauſe that pole above this plain is ſo 
much elevated, and being this Plain is but 20 deg. raiſed 
above the Horizon, viz. the Complement of its Reclina- 
tion, the Plain is capable to receive all the hours from 4 
in the morning, to 8 at night, and therefore the hours of 
4 and 5 1n the morning, and 7 and 8 in the evening, mult 
be drawn through the Centre, as was done in the Vertical 
or Horizontal Dial. 


s e 
/E: 
0 > 
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And thus have you had Examples of all the Varieties, 
both of Eaſt, Weſt, North, and South Reclining Plains 


and no other can poſſibly fall out in any place what- 
M loever. 
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ſoever. The Inclining Plains are the ſame with the 
Recliners oppoſite to them; and muſt be drawn in 
the ſame manner,as hath been (in ſome meaſureJhere- 
tofore hinted, and ſhall be more at large diſcourſed 
of hereafter, when I have done with Declining Recli- 
ning Plains, of which I come now to treat. 


IV. Of Declining Reclining Plains. 
CHAP. XIX. 


S there were ſix Varieties of Dire# North and South 
Reclining Plains, (o allo are there of South and North 
Declining Reclining Plains, viz. Three Varieties of South 
Recliners Declining, and as many of North Recliners Decli- 
ming. For, in South Recliners Declining, 

1. The Declination may be ſuch, that the South Reclin- 
ing Plain, may cut or fall upon the Meridian, juſt upon 
the Pole Point ; and ſuch Reclining Declining Plains, are 
called Aquino@ial Decliners : Or, 

2, The Declination may be ſuch,that the Reclining Plain 
ſhall interſe& the Meridian between the Zenith of the place, 
and the Pole of the World: Or, 

3. The Declination may be ſuch, that the Reclining 
Plain ſhall croſs the Meridian between the Pole and the 


Horizon. 


Theſe are the three Varieties of South Recliners Declining. 
I: North Recliners Declining there are three other Varie- 
ties, For, 


1. The Declination may be ſuch, that the North Reclin- 


ing Plain may croſs the Meridian in the point where the 
As quinolial interſets the Meridian. And then ſuch Plains 


are 
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are called Polar Declining Plains,becauſe the Poles of them 
liein the Axis of the World, and the Swbſtile in ſuch 
Plz#ins,will be always perpendicular to the Meridian ofthe 
place. Or, 

2. The Declination may be ſuch,that the Reclining Plain 
may mterſe&t the Meridian, between the Zenith and the 
HAiquinoTdial. Or, 

3. The Declination may caufe, that the Reclining Plain 
may fall upon the Meridian, between the AEquinoGial and 


the Horizon. 
Examples of all theſe Varieties follow. 


—C—_ > ———— — — 


I. Of South Recliners. 
The Firſt Variety, 
CHAP. XX. 


How to draw the Hour-lines »pon# 4 South Reclining De- 
clining Plain, which cutteth the Meridian in the Pole 


Point. 


N Declining Reclining Dials, betore the Hour-lines can 
be drawn, Three things mult be given,and Four things 
found 3 the things given are, 
1. The Latitude of the place. 
Data n The Declination of the Plain. 


3. The Plains Reclination. 


The Things required are, 


I. The diſtance of the Meridian and Horizon. 
2, The height of the Pole above the Plain. 
Weſuta 3. The diſtance of the Subſtile and Meridian. 


4- The Plains Difference of Longitude. 
M 2 Let 
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Let the Example be of a South Plain Declining Eaſt, 3o d. 
and Reclining 34 deg. 32 min. in the Latitude of Lon- 
don, 51 deg. 32 win. 


Firſt, Draw the Circle HA O R, and croſs it with 
the two Diameters H O, the Horizontal Line of the Plain, 
and A QR, the perpendicular Line of the plain, croſſing 
each other at Right Angles in Q the Centre of the Plain. 


| A) Pf us K_ 
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Secondly, Becauſe the Plain Reclined 34 deg. 34. min. 
Take 34 deg.34 min.from your Line of Chords, and ſet them 
upon your plain from A to 4, from H to b, and from R to c. 

Thirdly, Lay a Ruler from O to a,and it willcutthe per- 
pendicular Line of the Plain in Z the Zenith of the place. 
Alſo a Ruler laid from O to b,will cut the plains pcrperdt- 
cular in K, the interſection of the Horizon of the place, 
with the Plains perpendicular. And a Ruler laid trom .» 
toc, Will cut the perpendicular of the plain A R (tbeing 
extended) in N the Nadir point. Havirg found thete points 
upon the perpendicular Line of the Plain, 

Fourthly, Through the points H K O,draw the Horizon 
of the place. And, 

Fifihly, Becauſe the Plain declines 3o deg. Faſtward, 
take Zo deg. out of your Chord, and (ct them from R to 
d, and from O toe; and laying a Ruler fiom Z the Z-- 
nith to e,it will croſs the Horizon in E,the Eaſt point there- 
of, and the Ruler laid from Z to d, will croſs the Horizon 
in Sthe South point thereof, ſo have you found ttirce 
points, iz, £ Nand S, through which you may draw thc 
Meridian , whoſe Centre you may find, as hath been 
before taught : Or in this manner 3 

Divide the {pace between Z and N in two equal pats 

in C, and through C draw the line C D paralle! to 
Q O, extending it, as you ſhall have occation. Alto 
from Q , through E draw another Right Line QE, 
extending it,as occa(1on (hall otter; the point of thoſe 
two lines inter(eCtion, 1s the Centre of the M-ridian. 
Which being drawn, 

Sixthly, Lay a Ruler from E the Eaft point of the Hort- 
Zon to Z the Zenith, and it will cut the Plain in 4. And, 
becauſe the Pole of the World is diſtant trom the Zenith 
38 deg. 28 min. equal to the Complement of the Latitude, 
ſet 38 deg.28 min.trom þ upon the Plain,andit will tall jult 
upon P,which is the point ofthe plains interſection with the 
Meridian, which demonl(trates the pole to have no elevation 
above the plain,and fo the plain to be /EquinoGial Dechning, 

Seventbly, 


——_— 


86 Geometrical Dialling. 


Seventhly, Draw the Line P Q L for the Axis of the 
World, and, becauſe the /Xquinoctial Circle is in all parts 
diſtant from either Pole go deg. ſet 9o deg. from P or L, 
to X; and through Q , draw the Line A Q x, for the X- 
quinottial Circle, which is here a ſtrait Line,and being ex- 
tended, would paſs through the Centre of the Meridian, 
and alſo through the Eaſt and Weſt points of the Horizon, 
as it ought to do. 

The Scheme being thus projeCted, the four Requilitcs 
from it are cafily obtained. For, 

1. To find the diſtance of the Meridian, and the Horizon 
O P. The Arch O P meaſured upon your Line of 
Chords will contain 71 d.53 min. thediſtance required, 

2. The height of the Pole above the Plain (the point P) 
oo deg 00 min. therefore it is an /£quinottial Declin- 
ing Plain. 

3. The diſtance of the Subſtile and the Meridian, the point 
P alſo. Therefore that, as alſo all the hours, muſt be 
parallel to the Subſtile. | 

4. To find the Plains difference of Longitude,Q P B. Lay 
a Ruler from Pto B, and it will cut the plain in zz, 
the diſtance L #2 meaſured upon your Chord, is the 
plains difference of Longitude 24 deg. 19 min. 

Theſe Requilites being thus found, will now ſhew. 


How the Hour-lines are to be drawn upon the Plain. 


Firſt, Draw a Line as B A Cfor the Horizontal Line of 
your plain, and upon any convenient point therein, as up- 
on A, with 60 deg. or the Radius of your Line of Chords, 
deſcribe the Semicircle BD C; 

Secondly, From your Line of Chords take 71 deg. 53 m. 
the diſtance of the Meridian and Horizon, and ſet them 
from B to D, and draw the Line A D for the Subſtile. 

Thirdly Take 24 deg. 19 min. the plains difference of 
Longitude, andſct that diftancetrom D to E,and draw the 
lineAE. Fourthly, 
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Fourthly, Divide the Semicircle BD C imo 12 equal 
parts at the points © © © ec. beginning the diviſion at 


the point E. 


A South Plain Dcclining Eaſt 30 d. Reclining 34 d. 32 m. 
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Fifibly, Through the point O, (or any other point ta- 
ken at all adventures in the Subſtilar Line) draw a Line 
M ON at right Angles (or perpendicular )to the Subſtil.r, 
repreſenting the /Equinottial. 

$:xthly, Lay a Ruler from A, and every of the points 
© © © cx. nn the Semicircle, and it will croſs the Xqui- 
no:tial in the points *** ec. 

Laſtly, It through theſe points * ** exc. you draw right 
lines parallel to the Subſtilar, they ſhall be the true Hour- 
lines belonging to your plain, the hour-line of 12 being that 
where you began to divide your Semicircle, that is, at the 
mark (or *) which was made from the point E, 

For the Stile of this Dial, it may be either a ſtrait pin 
or Wire, of the juſt length of the line A O, erected per- 
pendicularly upon ſome point of the Subſtile(as at A or O) 
the very top of the ſhadow thereof giving the hour among 
the Hour-lines upon the Dial. R 

r 
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Or <I{c the Stile may be a Plate of Braſs or Iron of the 
24th of A O, ſet perpendicular to the Plain, upon the 
ituar Line A OD, the (ſhadow of whoſe upper edpe 
:i}] give the rrue hour of the day. 


The Second V ariety. 
CHAP. XXI. 


| How to draw the Hour-lines upon a South Reclining Plain, 
| Declining Eaſt or Weſt, which paſſeth between the Zenith 


and the Pole. 


| N this, as in all other Decliners Reclining, three things 
muſt be known, and four muſt be found before the 
drawing of the Hour-lines. 


Let the Example be a South Reclining Plain, Declining 
Eaſt 3o deg. and Reclining 20 deg. in the Latitude of 
51 deg. 32 min. London. 


|; 1. Latitude of the place + a 
| Data 3 2. Declination South Eaſt 320 Oo 
.3. Reclining South 20 ©O 


1. The diſtance of the Meridian and Horizon. 
2, The height of the Pole above the Plain. 
Rueſita 92. The diſtance of the Subſtile and the Meridian. 
< 4. The Plains difference of Longitude, 


ws © mus it 1k 


Firſt, Deſcribe the Circle HAO R, repreſenting your 
Reclining Declining Plain, and croſs it at right Angles, 
with the two Diameters A R, for the perpendicular, and 
H O for the Horizontal Line of the Plain. 

Secondly, 


—__ io 
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Secondly, Take 20 deg. the plains Reclination, out of 
your Chord, and ſet them from A to a, from O to b, and 


from R toc. 
E&P 
; 
=/ | 
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Thirdly, A Ruler laid from H to, will give you Z the 
Zenith, and laid from H to b, will give you K the inter- 
ſeftion of the Horizon, with the perpendicular line of the 
Plain. And the Ruler laid from H toc, will give you N 
the Nadir,then through the points H, K and O,draw the Ho- 


rizon H K O. 

Fourti:ly, Take 30 deg. the Plains Declination out of 
your Line of Chords, and fet themfrom R to 4d Weltward, 
(becauſe the plain declines Eaſtward) and alſo from O toe, 


{o a Ruler being laid from Z to e,ſhall cut the Horizon _ 
N the 


bY Geometrical Dialling. 


the Eaſt point thereof, and laid from Z to 4, ſhall cut the 
Ho1izon in S the South point thereof. Thus have youthree 
points Z, $ and N, through which to draw the Meridian 
Circle, which you may extend without the plainto P and 
N, occalion ſometimes requiring 4t ſhould be lo. 

Fifikly, Forakinuch as the Pole of the World is always 
diſtant trom the Zemith, equal to the Complement of the 
Latitude of the place, as here-at London 3& deg. 282 min. 
Lay a Ruler from E to Z,andyt will cut theplainin hb, from 
whence {ct 32 deg. 28 nan. to\k. So a Ruler laid from E 
to k, will cut the Meridian (cxtcnded) in the point P, the 
North Pole of the World. And a Rulcr Jaud from P to 
Q, ſhaf} croſs the Meridian in I, the South Pole, and 
the Lane PQ. L ſhall be The)AxTr'of rhe World| 

Sixibly, Take $90 dcg, Of your' Ghords, and Jet them 
from k the point, which found the Pole at P to: Soa 
Rulcr td from Eto #, (hall cut the Meridian inB,through 
which polat, and through the point E, the Aquinothal 
Circle muſt'be deſcribed, whoſe Centre will þe in the Az- 
is P L ext« nded,and the manner how to find it, hath been 
ſeveral times already diſcovered. 

The Horizon, Meridian, and /EquinoGial Circles being 
thus dceſc;iibed upon your Plain, by their interſcCtions,and 
diſtances, the four Requilites belonging to this Declining 
Reclining Plain may be obtained. As, 

1. To find the diſtance of the Meridian and Horizon H V. 
The diſtance H V upon the Plain, meaſured upon the 
Lineof Chords, will contain 78 dep. 5o min. the di- 
ſtance of the Meridian and Horizon. 

2, To find the height of the Pole or Stile above the Plain 

LC. Set go deg. from c to b, then lay a Ruler from 

b to L, and it will cut the Plain at w,the diſtance from 

c to 4, meafured upon your Chords, will contain 13 d. 

40 min, the height of the Pole or Stile above the 
Plain. 

3. To find the diſtance of the Subſtile from the Meridian 


Ve, 
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V/ c, meaſure the diſtance-/ c upon the Line of Chords, 
and it will contain 7 deg. 3o min. the diſtance re- 
uired. 

4: lo find the Plains difference of Longitude, B L D. Lay 

a Ruler from L to B. it will cut the Plain in þ, fothe 
diſtance þ O meaſured upon the Line of Chords, will 
contain 282 deg. 52 min. the Plains difference of Lon- 
gitude, 

Thus are the four Requiſites belonging to this Plain 
tound, and in this Example, two things are very obſer- 
vable. 

1. Whereas P the North Pole of the World, falls with- 
* ont the plain, and the point L, reprelenting the 

South Pole falls within the plain, it denotes, that the 
South Pole mult be clevated. 

. In reſpect that the Line or Arch L c, which is the height 
of the Stile or pole above the plain, 1s but of ſmall 
Quantity, 72. 13 deg. 40 min. it will from thence 
tollow, that the /Equinodial's Centre will be very re- 
mote, and that the Hour-lines near to the Subltile 
will be very cloſe, fo that in ſmall Dials their diſtan- 
ces one from another will be infen(ible; and there- 
fore you may ſave the labour of deſcribing the /Equis- 
nottial Circle, and be fatisficd in finding of the point 
B, by which the plains ditterence of Longitude is 
found———For, in ſuch caſes as this, the Plains diffe- 
rence of Longitude, the diſtance of the Meridian frone 
the Horizon, and of the S$ubſtiles tiſtance from the Me- 
ridian, and the height of the Pole above the Plain being 
oained 3; You may procced to draw the Dial as follow- 
th, not much differing from the drawing of the Up- 
right far declining Dial Chapter VIIE. 


to 


How to draw the Honr-lines upon the Plaj. 


Firft, Draw a right Linc A BC, torthe Horizontal be 
N 2 O 
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3 
of "age Plain, and aſſume any convenient placetherein, as 
B for a Centre; upon which point, with 60 deg. of any 
large Line of Chords, [ For it is neceſſary, not only in this, 
but for divers other occaſuons, to have ſjeveral Lines or Scales 
of Chords upon your Ruler deſcribe the Arch of the Circle 
A D. Upon this Arch, from A to D, ſet 78 deg. 50 min. 
the diſtance of the Meridian from the Horizon, and note 
the point D, but you need not draw the Meridian Line. 


9 


South Declining Eaſt 30 deg. Reclining 20 deg. 
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Secondly, From D to E ſet 7 deg. 3o min. the diſtance of 
the Subſtile from the Meridian, the fame way as you find it 
to lie in your projection, and draw the Line B E for the 
Subſtile. Alſo, upon the ſame Arch, ſet off 13 deg 40 m. 
the height of the Stile from E to F, and draw the line B F 
for the Stile. Which being but of ſmall Elevation, viz. 
12 deg. 40 min. ought to be augmented; and therefore(at 
any convenient diſtance (ſuitable to the bigneſs of your 
Dial-plain) draw a line as G H, parrallel to B F, for your 
augmented Stile or Axis, 

Thirdly, Through any two points taken at adventure,in 
the Subſtilar line, as K and L, draw two righ lines perpen- 
dicular, or at right Angles to the Subſtilar, as the Lines 
MK N, and O LP. Then from the point K, take the lealt 
diſtance to the augmented Stile G H, and ſet that diſtance 
upon. the Subſtilar K to Q. Allo from the point L, 
take the nearelt diſtance to the augmented Stile G H, and 
{@ that diſtance upon the Subſtilar trom L to R, 

Fourthly, Upon the points Qand R, as upon two Cen+ 
tres, with 60 deg. of any of your Chords, deſcribe two 
Semicircles (or other portions of Circles) and in either of 
them ſet 28 deg. 52 min. from V to T upon one of them, 
and from X to S upon the other, 

Fifthly, Lay a Ruler from Q to T, and it will cut the 
Tangent Line in Y : Allo lay a Ruler from R to $, it will 
cut the other Tangent line in Z, and a right line drawn 
through the points Y and Z, ſhall be the How-lineof 1 2. 

Sixthly, At the points S and T, begin to divide the [.ve- 
ral Semigircles in 12 equal parts or hours, by taking 15 d. 
of your Chord, and ſetting them from S and T both ways, 
at the points © © © exc. fo many times as the plain will 
receive Hour-lines, 

Seventhly, Lay a Ruler from the points Q| and R, to 
every of the points © © © exc. in their reſpective Semi- 
circles, and it will croſs their ſeveral Tangent lines in the 
points *** gc. 

Laſt, 
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Laſily, Through the points * * *, in both the Tangent 
lines, draw right lines, each to his correſpondent, which 
the Hour-line of 12 will direct you how to do, and thoſe 
{hall be the true Hour-lines of your Plain. 

For the Stile of this Dial, it may be either of Wire, or 
Plate, containing an Angle equal to the height of the Pole 
above the Plain, but it muſt be augmented anſwerable to 
the augmented Stile, as you ſec 1n the Figure, and mult be 
{ct in its proper place upon the Subſtilar line, and alſo per- 
pcndicular or ſquare to the Plain, and {to 1s this Dial tiniſh- 
cd. 


The Third Variety. 


C HA P. XXII. 


How to draw the Hour-lines upon a South Reclining Plain, 
Declining Ealt or Welt, which interſects the Meridian be- 
tween the Pole and the Horizon. 


Et the Example for this third and laſt Variety of South 
P Declining Reclining Plains, be of a South Plain De- 
clining Eaſtward 30 deg. and Reclining 55 deg. in the La- 
titude of 51 deg. 32 min. viz. London. 


deg. min. 

The Latitude of the Place 20 

Data 3 The Declination Eaſtward 30  ©0 
The Reclination -- 


The diſtance of the Meridian from the Horizor. 
The height of the Pole or Stile above the Plain. 
The Subſtiles diſtance from the Meridjar. 

The Plains difference of Longitude. 


Queſuta 


Firſt, 
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Firſt, Draw the Circle AH RO, for your Reclining 
Declining Plain, and croſs it with the two Diameters A R 
the Vertical, and H O the Horizontal line of the Plain. 

Secondly, fet 55 deg. the Plains Reclination from A to , 
and from O to b, 


as 
» 
* 


ads: DNTP 
WV 


[T. P 

Thirdl;, Lay a Ruler from H to a, and it will give you 
7 the Zenith, and laid from H to b, it will give you K,the 
point of the Horizons interſection with the Plains Ver- 
tical Line, So have you three points H K and O,through 
which to deſcribe the Horizon of the place H K O. 

Fourthly, Set 3o deg. the Plains Declination fromR to c 
Wettward, (becauſe the Plain declines Eaſtward)and trom 
Otod. Soa RulerJaid from Z toc, ſhall give yousS, the 
interſection of the Meridian with the South point of the 
Horizon. And the Ruler laid from Z tod, ſhall give you E 
the Eaſt point of the Horizon. 


Fifthly, Having the Points $ and Z, through them you 
may 
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ray draw the Meridian Circle L S Z P, as hath been al- 
;cady ſeveral ways taught, the Centre whereof will fall in 
une Line Q E being extended. 

S:xthly,Lay a RulerfromE to Z, andit will cut thePlain 
11; e, from which point e, ſet 33 deg. 28 min, to f;, and a 
Ruler being laid from E to f, ſhall give the point P, upon 
the Meridian Circle, for the Pole of the World. And a 
Right Line drawn fromP through Q , ſhall be the Axis of 
the World, and the Subſtilar line of the Dial. 

Serenthly, Sct go deg. from f to h, (becauſe the Aqui- 
ro(lial Ciicle 1s in: all places go deg. diſtant from either 
Pole, P or L.) So laying a Ruler from E to b, it will give 
vou the point Bin the Meridan,through which, and E, the 
Eaſt point of the Horizon, the /Equinofial Circle muſt 
paſs. And may be drawn as in former Examples, the 
Centre thereof bring in the Axisof the World,P Lextend- 
ed. 

Theſe three principal Circles, viz. the Horizon, Meridi- 
an and /Equinodial, being deſcribed, according to their 
truc Situations upon the Plain, the fame forementioned Re- 
quiſites may from thence be eaſily deduced, as follow- 
cth. 


1. To find the diſtance of the Meridian from the Horizon 


OC. The ArchO C, meaſurcd upon the Line of 


Chords, will contain 64 deg, 41 min. The Subſtiles 
daſtance from the Meridian. 

2. To find the height of the Pole or Stile above the Plain 
P D. Set 9o deg. from D to £, and lay a Ruler from 
eto P, it willcut the Plain in »,, the Arch D mz mea- 
ſured on the Line of Chords, will contain 19 deg, 
25 min. The height of the Stile. | 

3. To find the Subſtile's diſtance from the Meridian C D. 
This Arch meaſured, will contain 6 deg. 2 min. The 
diſtance of the Subſtile from the Meridian. 

4. The Plains difference of Longitude BPQ. A Rulerlaid 
from P to B, will cut the Plain in k, So the diſtance 


Fk 
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F kh meaſured, will be 17 deg. 33 min. The Plains 
difference of Longitude. 

Thete requiſites being thus found, you may proceed to 
draw the hour-lincs in this as in other Plains. Firlt, by 
laying a Ruler upon P the Pole of the World, to B, in the 
interſection of the Meridian and /EquinoGial, which will 
cut the. Plain in 4, at which point, begin to divide the Se- 
miciecle into 12 cqual parts, And fromQ , to cach ot 
them, lay z Ruler croiling the AZquinoTial Circle, and di- 
viding that into 12 unequal parts, to which unequal parts 
of, the /EquinoGdial, a Ruler laid, it will divide the Plain 
into 12 other unequal parts, through which, and the Cen- 
tree Q, right lines being drawn,they ſhall be the true hour- 
lines-proper for the Plain. 

But in this Example, the Elevation of the Pole or Stile 
above the Plain,being but of an indifferent Elevation,viz. 
19 deg. 25 min. you may (if you pleaſe) draw the Hour- 
lines by one Tangent line, and the Centre, as was ſhewed 
inthe Second Variety of Direct South Reclining Plains 3 
and as here followeth. 


How to draw the Hour-lines upon the Plain. 


Firſt, Upon your Plain,towards the bottom thereof (be 
cauſe the North Pole is here clevated) draw a -right line 
A B, parallel to the Horizon, and aflume A for the Centre 
of your Dial, upon which point, with 60 deg. of your 
Chord, deſcribe an Arch of a Circle B E, upon which trom 
B, ſet the diſtance of the Meridian and Horizon, 64 deg. 
41 min. to C, and draw the line A C for the Hour-line of 
12. Alſo, upon the ſame Arch from C to D, ſet 6 deg. 
2 min. the diſtance of the Subſtile from the Meridian ; and 
draw the line A D for the Subſtilar. Again, upon the ſame 
Arch, ſet off 19 deg. 25 min the height of the Stile from 
D to E, and draw the Line D E for [the Axis of the 
Stule, 

Q Secondly, 
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*> A South Plain Declining Eaſtward 30 deg. and Re- 
clining 55 deg. 


Y : 8 £6. © SS * 


| 


BI 


Secondly, Upon any part of the Snbſtilar Line, afſume 
any point at pleaſure. As F, through which draw the right 
line G F H perpendicular to the Subſtile. 

Thirdl;, From the point F, take the nearelt diſtance to 
the Axis cf the Stile, and ſet that diſtance upon the Sub- 
ſtilar Line from F to O, and upon the point O with 
60 deg. of your Chord, deſcribe the Semicircle M L N, 

Fourthly, Lay a Ruler from O toK (the point where the 
Tangent (or AquinoGial line) croſleth the Meridian ) and 
the Ruler will cut the Semicircle in L, at which pointbe- 

gin 
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in to divideitinto 12 equal partsinthepoints © © © exc. 

Fifthly, Lay a Ruler from O the Centre of the Semicir- 
cle tothe ſeveral points © © © in the Semicircle, and the 
Ruler will cut the Tangent line in the points ** * &&c; 

Laſtly, If fromthe Centre A,through theſe points*** ec, 
you draw right-lines, they ſhall be the proper Hour-lines 
belonging to your Plain. 

For the Stile it may be either of Plate or Wire, elevated 
above the Subſtile to an Angle of 19 deg. 25 min. and ſet 
up perpendicularly upon the Subſtilar, as in all other Dials. 
And thus haveI done with all the Varieties of South De- 
clining Reclining Plains. 


—— 


IT. Of North Recliners. 
The Firſt Variety. 
CHAP. XXII. 


| —  — 


How to draw the Hour-lines upon a North Reclining Plain, 
Declining Eaſt or Welt, which cntteth the Meridian at 


the InterſeFion thereof with the AuinoQial. 


Et the Example be of a North Plain Declining to the 
Weſt 60 deg. and Reclining from the Zenith 32 deg. 
11 min. in the Latitude of Londox 51 deg, 32 min. 


deg. min. 

1, Latitude of the Place gr 8 

Data ; 2. Declination of the Plain\North Welt 60 oo 
3. Reclining North yo ud 


O 2 Dneſua 
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1. The diſtance of the Meridian and Horizon. 
2. The heightof the Pole or Stile above the Plain. 
Rueſita 3. The diſtance of the Subſtile and the Meridian, 


4. the Plains difference of Longitude. 


deg. min. 
7 Declining Weſt 60 CO 
North 2 Reclinins 3 U8 
£ - I 
* 
þ Wo | 
DO i 
I. - 
b I] EP \ 
ba.” 
Ro 


_— JJ 
= <a. W 


4 þs_ ACK 


LO oe MR mater himes———————ao 


Firſt, Deſcribe the Circle AH CO, for the — 
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Reclining Plain ; croſs it at right Angles with the two Dia- 
meters H O for the —rdven. and A C for the Vertical 
line of the plain. 

And here forVariety, more than for neceſſity, in theſe 
three following Examples of North Recliners Decli- 
ning, I will (in the ſeveral Schemes) place the Zenith 
and pole down wards, becauſe the Stile in all theſe 
Dials mult point upwards, the North pole bing al- 
ways clevated, and in ſo doing, the Hour-lines, Stile 
and Subſlile will (tand in the Scheme as theyare toſtand 
in the Dial. and the manner of Work will be the 
{ame as before. Wherefore, 

Secondly, Set 32 deg. 11 min. the plains Reclination, 
from O to a, and from C to b. A Ruler laid from H to a, 
{hall give you the point B,through which, and the points H 
and O, the Horizon H BOisto be deſcribed. Anda Ruler 
laid trom H to b, ſhall give you Z the Zenith point. 

Thirdly, Sct 60 deg. the plains Declination from A to d, 
a Ruler laid from Z the Zenith, to d, ſhall cut the Horizon 
mn. S the South point thereof. Thus have you two points 
Land S,through which to draw the Meridian, whoſe Cen- 
tre will be in the lineQ E extended, and may be found as 
formerly is taught. 

Fourthly, The Horizon and Meridian being thus drawn, 
lay a Rulerfrom E to Z,and it will cut the Plain 1n e, and 
ſccing the pole is 38 deg. 28 min. diſtarſt from the Zenith, 
{ct38 deg. 28 min. from e to F,and a Ruler laid from EtoF, 
' will cut the Meridian in Þ the Pole of the World, 
through which point P, and the Centre Q , draw the line 
P Q for the Axis of the World, and Subſtile of the Dial. 
And again,becaule the A:quinoctial is 90 deg. fromthe Pole, 
ſet 90 deg. from F, and they will reach juſt tro & or £onet- 
ther (ide, which are the very points that the plain cuts the 
Meridian in, and through which points, and the pont Ein 
the Horizon,the Aquinoctal Circlemuſt paſs;whofe Centre 
will always bein the the Axis of the World P Ce" 

(oy 


| 


| 
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: 
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The Horizon, Meridian and FEquinoGial being thus drawn, 

you may find the four Requiſites in this manner. 

1. To find the diſtance of the Meridian from the Horizon . 
AM O. The Arch X& O meaſured by your Line of 
Chords, will be found to contain 47 deg. 18 min. 
which 1s the Subſtiles diſtance from the Meridians 

. To find the height of the Pole or Stile above the Plain 

P F. A Rulerlaid frome to P, will cut thePlain in O, 
ſo the diſtance F O 42 deg. 52 min. is the height of 
the pole abovethe Plain. 

3. The diſtance of the Subſtile from the Meridian & G, 
which meaſurcd upon your Chord, will be found to 
contain juſt go deg. 

4A. The Plains difference of Longitude G P &, or the Arch 
£ G, as before alſo go deg. jult. 

In this Scheme two things are remarkable. 

1. The Plains cutting the Meridian in its interſeCtion, 
with the Zquinoctial. And, 

2. The Axis of the World paſſing through the Eaſt point 
of the Horizon , both which denote the Plain to be 
polar Declining, and the Subſtile to be the ſame with 
the Hour-linc of 6. And the Hour-line of 12 at right 
Angles thereto, wherefore the Hour-lines may be 
drawn, as followeth. 


[S, 


To draw the Hour-lines upon the Plain. 


Firſt, Lay a Ruler fromP to X, where the Meridian 
and /EquinoGial interſect, which 1s upon the plain at the 
very point A, wherefore there begin to divide the Semi- 
circle A G #, into 12 equal parts at the points © © © eFc. 

Secondly, Lay a Ruler to Q,, and every of the points 
© © © @c. and it will cut the Aquino@l in the points 
*** exc. dividing that into/12 unequal parts. 

Thirdly, A Ruler laid toP,andthefeveralpoints ** * &4c. 
12 the AquinoGQial, will cutthe plain in the marks | |] ec. 
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Laſily, ARulerJaid from Q to theſevecral marks [|] cc. 
and ſtrait lines drawn thereby, thall be the true Hour-lines 
fitting this polar Decling Plain. 

For the Stile, it muſt bea Plate or Wire (et upright up- 
on the Subſtilar to an Angle of 42 deg. 52 min. and mult 
point upwards to the North Pole. 


The Second Variety. 


CH AP. XXIV. 


' How to draw the Hour-lines »pon a North Reclining Plain, 
Declining Eaſt or Weſt, the Plain paſſing through the Me- 
ridian, between the Zenith and the AquinoCtial. 


N this (as in the former Examples) three things muſt be 
{ given, and four found, before the Hour-lines can be 


drawn. 


deg. min. 

1. Latitude of the place & Id 

Data ) 2. TheDeclination ofthe Plain North W. 60 co 
3. The Plains Reclination $& 00 


1. Thediſtance of the Meridian from the Horizon. 
Qneſita 47: The height of the Pole orStile abovethe Plain. 
EN 3. the Subſtile diſtance from the Meridian. 

4. The Plains ditterence of Longitude. 


Firſt, Deſcribe the Circle A H CO for the plain, and 
croſs it with the Diameters A C, and H O,for the Horizon- 


tal and Virtical hnes thereof. 


Secondly, (As in the laft Example, ſet 16 deg. the Plains 
Reclt= 


—_— —  ——_— - 
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Declining Weſt 60 
Rec lining I6 


A North Dial | 


"WEWF — 


Reclination, from O to a, and from C to b, a Ruler Jaid 
from H to a, ſhall give the point B. through which, and 
the points H and O, the Horizontal Circle H B O 1s to be 
deſcribed. Alſo a Ruler laid from H to b, ſhall find the 
Zenith point of Z. 

Thirdly, 
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Thirdly, Set the plains Declination 60 deg. from Ato d, 
and from H toe: So a Ruler laid from Z to d,ſhall cut the 
Horizon in S the South, and laid from Z to e, ſhall cut it 
in E the Eaſt point thereof ; and now having two points Z 
and S, through them you may draw the Meridzan Circle, 
as hath been already taught. 

Fourthly, Lay a Ruler trom E to Z, it will cut the Plain 
in F, and 3o deg. 28 min. the Complement of the Latitude 
of the place, fet from F tof, and a Ruler laid from E to f, 
will cut the Merid:an in Þ the pole of the World, and god. 
morc, bcing ſet torward from f to mr, and a Ruler laid 
from E to m1, will cut the Meridian in /E, the Equinottials 
interſection with the Meridian 3, fo have you two points ZZ 
and E, through which the /Equino@1ial Circle mult paſs,and 
a right line drawn through P the pole of the World, and 
Q the pole of the Plain, will be the Axis of the World,and 
the Subſtilar line of the Dial. 

Theſe three Circles, viz. the Horizon, Meridian, and A-- 
quinoGial being deſcribed, the fore-mentioned tour Requi- 
lites may from thence be eaſily obtained. For, 

1. The diſtance of the Meridian from the Horizon, is the 

Arch F H, 64 deg. 29 min. 

2. The height of the Pole or Stile above the Plain PR, A 
Ruler laid from & to P, will cut the plain in » : So 
the diſtance R » meaſured, will be found to be 3o d. 
59 min. 

. The Subſtiles diſtance from the Meridian 1s the Arch 

I'M, 64 deg. 26 min. 

4. The Plains difference of Longitudeis the Angle & PQ, 
which to find, lay a Ruler from Pto A; and it will 
cut the plain in D, the diſtance D I meaſured upon 
the Lineof Chords, will give 76 deg. 10 min. tor the 
Plains difference of Longitude. 


8) 


To draw the Hour-lines upon the Plain. 
P Firſt, 
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Firſt, Lay a Ruler upon P the Pole of the World, and 
A. the interſection of the Meridian with the Horizon, and 
it will cut the plain in D, at which point begin to divide 
the Semicircle & I #2 into 12 equal parts, at the points 
&© © © @*c. 

Secondly, Lay a Ruler fromQ_ to the ſeveral points 
© © © eFc. andit will divide the Aquinoctial Circle in- 
to 12 unequal parts in the points * * * exc. 

Thirdly, A Ruler laid from P to every of thele uncqual 
parts *** exc. will cut the plain in theſe marks] | ] &c. 
dividing that into 12 other unequal parts. 

Laſtly, If you draw right lincs from Q , through every 
of theſe marks | ] | e&c. they ſhall be the truc Hour-lincs 
belonging to your Plain. 

The Stile may be either of Wire or Plate as in other 
Dials, and muſt be elevated above the Subltfe,to an Angle 
of 30 dep. 59 min. and mult ſtand ſquare, or at Right An- 
gles to the plain. 


 — —<——D <> ———c_—_—__ 9 — —_ 


The Third Variety. 


CH AP. XXV. 


How to draw the Hour-lines upon a North Reclining, or In- 
clining Plain, Declining Eaſt or Welt, which mnterſe7; 
the Meridian between the Kquinoctial and the Horizon. 


| Et this third and laſt Example of North Recliners De- 
YL, clining, be of a North Plain, Reclining 54 deg. and 
Declining Weſtward 60 deg. in the Latitude of Londox 
51 deg. 32 min. 

This being the third and laſt Variety of Declining Re- 
clining plains, I ſhall be ſomewhat the larger in the proje- 


Con thereof,than I have been inany of the foregoing = 
ut 


$a A. c_ Ms «4% 
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but that this Dial is tobe made in all reſpects like(and with 
the ſame eaſe) as the former. But herein I ſhall ſhew at 
large the manner of projection, and how all the Centres are 
Gcometrically found, and the reaſons of their being in ſuch 
and f'ich lines, and at ſich and ſuch diſtances. And alſo, 
[ ſhall project all the Hour-lines belonging to the Plain 
upon the Plain it {elf by circular Lines, by which means 
the Reader may attain to a more competent knowledge 
in what hath been herctofore in this Treatiſe delivered. 
For from this projection following, all the aforelaid hath 
been deduced. And therefore I (hall deſcribe the manner 
of the delineating of this Dial, according to the following 


Propoſition. 


PROPOSITIOUN. 


A Circle being deſcribed, repreſenting a Declining Reclining 
Dial-Plain; how thereon to place the Meridian, Horizon, 
Aquinottial, Pole, Zenith, exc. with all other Requilites 
belonging to ſuch a Dial. And alſo, to project the Meridi- 
ans of the Sphere it ſelf upon the Plain, and from thence 
to draw the Hour-lincs pon the Dial-plain, according to 
their true Situation. 


Et the Circle HSO B, repreſent a Dial-plain in the 
|. Latitude of London 51 deg. 32 min. Declining from 
the North towards the Welt 60 deg. oo min. and Recli- 
ning from the Zenith Northward 54 deg. oo min. 

Fir, Croſs the Circle with the two Diameters H O, 
and S B, cutting each other at Right _— inthe Centre 
Q. And becaule the plain reclineth 54 deg. 3o min. take 
54 deg. 30 min. out of your Line of Chords, and ſet that 
diſtance upon your plain, frm $ to a, from O to b, and 


from B to c; Then lay a Ruler from H to , and it will cut 
FP 2 che 
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the LineSBin Z, ſo ſhall the point Z be the Zenith of the 


llace. 

; Secondly, Lay a Ruler from H to b, it will cut the Line 
S Bin 4, to ſhall k be a point inthe lineS B, through which 
the Horizon ſhall paſs: And thus having three points H 4k O. 
you may through them deſcribe the Horizon, whole Centre 
will be at 2, the diſtance #2 4 being equal to the Secant of 
the Complement of the Reclination of the Plain; namely. 
36 dep. Or Geometrically thus. Draw the right linc 
k O, which divide into two equal parts 1n z, and upon thc 
point », raiſca perpendicular » #7, extending it til] it cut the 
line S Bin 2, fo ſhall » be the Centre of the Horizontal 
Circle H kO. 

Thirdly, Lay a Ruler from H to c,it will cut the line SB 
{bcingextended)in the point N,fo ſhall N be the Nadir point. 

Fourthly, Becauſe the Plain declines 60 deg. from the 
North Weſtward; ſet 60 deg. fromB tod, and laying a 
Ruler to Z the Zenith, (which 1s alſo the Pole of the Hori- 
zon )to d, it will cut the Horizon in S,through which point 
the Meridian muſt pats. 

Fifihly, Take (always) go deg. of your Chord, and ſet 
that diſtance from to e, and laying a Ruler from Z toe, it 
will cut the Horizon in W the Weſt point thereof, and a 
Jine drawn from W, through Q the Centre of your plain, 
will cut the Horizon (if you extend it as here 1s done) mn 
E, the Eaſt point thereof, and in ſome part of thisline (cx- 
tended it need require) will the Centre of the Meridian be; 
and where that point will fall may be thusfound, 

vixthly, Divide the line Z N into two cqual parts in F, 
and upon F ercct the perpendicular F D, cutting the Line 
'Q W (extended) in D, fo ſhall D be the Centre of the Me- 
ridian of the place. 

Seventhly, If with your Compaſles you take the diſtance 
DP, and with that extent upon D,as a Centre, deſcribea 
Circle, you ſhall find that Circle exactly to paſs through the 
reſpective points Zand N,if there be no formercrrc .r com- 
mittedin your work. Eighthly, 
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Eighthly, Becaufe the height of the Pole above the Ho- 
rizon, 1s equal to the Latitude of the place, viz. at Lon- 
don 51 deg. 32 min. ſct off 51 deg. 32 min. upon the Me- 
ridian from Sto P, in this manner. 

Ninthly, Lay a Ruler from \V, the Welt point of the 
Horizon, (which 1s alfo the Pole of the Meridian) toS and 
it will cut the Plain in þ,then ſet 51 deg 32 min. from htof. 
A Ruler laid from W to f, it will cut the Meridian in P, 
{ is P the Pole of the World, diſtant from Z the Zenith, 
33 deg. 28 min. and a Line drawn through P the Pole of 
the World, and Q the Centre of the Plain, will be the 
Axis of the World, and (extended) will cut the Mer:dian 
in M the South Pole. 

Tenthly, The Meridian and Horizon being thus drawn, 
it is caſte to deſcribe the /Equinedial, for if you conlider 
the poſition of that Circle in the Sphere it {cIt, you know 
that it always palles through the Eaft and Welt points of 
the Horizon, and cutteth the Meridian at right angles, it 
being in all places 9o deg. diltant trom either of the Poles. 
Wherefore, if upon W, (the Pole of the Meridian) you 
lay a Ruler to P, the Pole of the World, it will cut the 
Plain in f, and if you fet yo deg from ftog, and lay a 
Ruler from Wrtoeg, it will cut the Meridian in A, fo have 
you three points,through which the Aquinoctial muſt pals, 
namely E /E and W, and the Centre of the A:quinoctial will 
always be in thc Axis of the World,cxtended it need require, 
To tind which, you mult, 

Elerentbly, Divide the Line W E into two equal parts in 
G, and trom the point G,upon the line E W, erect the per- 
pendicular G K, cutting the Axis of the World in K, fo 
{hall K be the Centre of the A:quinoCtial, wherefore, if 
upon K as a Centre, with the diftance K W, you deſcribe 
a Circle, that ſhall be the Aquinottial, and (if your work 
be true) ſhall pals through the points E A:and W: Then 
for the dividing of the Aquinodtial, 


Twelfthly, 
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Twelfthly, Lay a Ruler to P the pole of the World, 
(which is alſo the pole of the Afiquinoctial)to A, theinter- 
{c(tion of the Meridian and /Equinoctial,and it will cutthe - 
plain in the point 12 at which point you muſt begin todi- 
vide the Circle repreſenting your Reclining Declining 
plain into 24 equal parts at the points © © © gc, This 
done, lay the Ruler to the point P, and every of the 24 e- 
qual parts © © ©, and you ſhall find it to cut the Xqui- 
nottial Circle in the.points * * * * ec. dividing that Cir- 
cle into 24 uncqual parts, through which uncqual parts, 
and the two poles of the World P and M, muſt all the 
Hour-Circles paſs. For the deſcribing whereof you 
mult, 

Thirteenthly, Diwide the live P M into two equal parts 
in the point L, | or, from the point D, the Centre of the 
Meridian, let fall a perpendicular upon the Axis of the 
World, which will fall in the ſame point L, Jand through 
the point L, draw an infinite right line at right angles to 
P M, namely, the Line C T,for in thatline will the Centres 
of all the Hour-circles be found, and the manner how to 
find them, is thus (one way ) to be cffected. 

Fourteenthly, Upon the point P as a Centre, at the di- 
ſtance PL, [or to any other Radius of a Line of Chords] 
deſcribe the Semicircle X L V, and divide it into 12 <qual 
parts at the points *** * &*c. beginning your diviſion at the 
point J, which 1s, where the Ruler being laid from P toD 
(the Centre of the Meridian) cuts this laſt drawn Circle. 
Then laying a Ruler from P, upon cach of theſe diviſions, 
you ſhall find it tocut theline C T inthe points 15,30,45, 
60, Ec. on either lide of the point D. And here note,that 
15 1s the Centre of the firſt hours diſtance from the Merj- 
dian oneither fide thereof, 30 the Centre of the ſecond,and 
45 of the third hours diſtance fromthe Meridian, ec. 

Fifteenthly, If you place one foot of your Compaſſes up- 
on 15,and extend the other to P the Pole of the World,and 
with that diſtance deſcribe a Circle, that Circle ſhall -n 

tne 
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the firſt hour from the Meridian, and (if your work be 
true )(hall paſsthrough M the South Pole,and alſo through 
© @, the two firſt unequal diviſions of the AXquinodtial Cu- 
cle, and (ſo all the reſt. 

L.iſily, If from Q the Centre of your Plain, and the re- 
ſpective points where the Hour-circles cut the Plain, you 
draw ſtrait lines, thoſe ſhall be the truc Hour-lines proper 
for ſuch a Declination and Reclination, as you formed your 
projection for. 


Now the Regqniſites belonging to this, and the like Declining | 
IReelinine Plains, are, 


| deg. min. 

1. The height of the Pole above? (A140 
the Plain. | 

2. The diſtance of the Meridian —_ Tr 323 1 


and Horizon. | . 

. The diſtance of the Subſtile { {£Mted? p A 56 41 
from the Meridian. | by 
. The Angle between the two APR 61 47 
Meridtans. ; 1 


) 


+ 


All which may be meatured upon the projeftion, and fo 

their quantities found. As, 

1. Fo find P A, Lay a Ruler from P to w, where the 
/Equinottial and the plain do interſect, and the Ruler 
will cut the plain on the other {ide at x, fo A x mea- 
ſured upon the Line of Chords, will be 54 d. 43 m. 
the height of the pole above the Plain, | or Þ Q mea» 
fared upon a line of half Tangents, will contain 35 d. 
17 min.] the Complement thereof. 

+ 2, To find HT, the arch HF meaſured upon the Lineof 
Chords, will give 53 deg. 31 min. the diſtance of the 
Meridian from the Horizon, 

3. TotindF A,the Arch I A meaſured upon the Line of 

Chords, 
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Chords, will give 55 deg. 41 min. the diſtance of the 
Subſtile from the Meridian 

4. To fnd Z PQ, Lay a Ruler to P the Pole of the 
World, and A the interſection of the Vieridian and 
the Aquinoctial, and it will cut theplain in6,the arch 
6 B. mcaſured upon the Line of Chords, will be found 
to contain 61 deg. 47 min. which is the Angle between 
the two Meridians. 

Thus have you in this Scheme delivered the true and ge- 
nuine way of dclincating of Sun Dials deduced from the 
Sphere it {elf, by which the reaſon of all that hath been be- 
fore delivered,,1s rendred obvious, and ſuthciently demon- 
{trative for this place. But here you ſee that the Centres 
of the Meridians or Hour-circles fall out to be very remote, 
and that there will be required a large Tangent line for their 
deſcription, which will (tor the molt part)run out very far, 
and ſometimes, almoſt to an infinite excurſion. I therefore 
choſe rather to ſhew how the Hour-lincs might be drawn 
without having any regard to this Tangentline,or without 
projecting of the Hour-lines upon the Circular-plain, and 
therefore the ways before delivercd are far more apt for pra- 
ice thanthis, though this be more ſatisfattory to the in- 
quiſitive Reader, who will not be ſatisfied only with the 
doing, but of the underſtanding as well of what he does, 
and it 1s for the ſatisfaction of ſuch, that I have here added 
this Propoſition. 


——— — — — _— = .- -  C__— 


CHAP. XXVII. 


Concerning Inclining Plains, both Dire& and Declining. 


F Reclining Plains there are but two ſorts,as hath been 
before inſtanced, and thoſe are either Dire& or De- 
clining. The Dirett are thoſe Reclining Plains which do 
direCtly behold the Eaſt, Weſt, North, or South pointsof the 


Horizon, 
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Horizon. And the Decliners are thoſe which (beſides their 
Reclination from the Zenith) do reſpect two of the fore- 
mentioned Cardinal points, as, 

(1.) The South and the Weſt. 

(2.) The North and the If. 

(3.) The South and the Eaſt. 

Or, (4.) The North and the Eaſt. 

x; South E 
The JSecond\ fortare }North3 declining Welt Reclin: 
'©TThird (called South 2 ecnning 
Fourth North$ declining Eaſt 
| T alſo before intimated, and gave Examples, that of di- 
ret Recliners, there were three forts, 2%. 

1. Such as Reclining from the Zenith, do behold either 
the dune Eaſt, or due IWeſt points of the Horizon; and of 
this ſort there is only one kind,and no Varicty inany caſe.---- 

2. South Recliners, of which there are threc Varictics.---- 

And 3. North Recliners, of which allo there are three 
Varieties. 

Again, of Reclining Declining, 1 told you there were fix 
Varieties alſo, as there wereot Dirc& Recliners, ziz. Three 
of South Declining Plains Reclining, and as many of North 
Reclining Declining Plains; of all which I have given Ex- 
amples, and it may be now cxpetted that I ſhould do the 
like for the Inclining Plains oppoſite to them, of which 
there are alſo as many Varieties, but ſeeing that the —— 
of the Reclining Dial, whether Direct or Declining dot 
alſo make the Inclining Dial, whether Direct or Declining 
oppoſite thereunto, I that ſave the labour, and commend 
to the ingenious Reader ſome few Rules by which he ſhall 
ealily frame the Inclining Dial out of the Recliner, And, 


Q I. Of 
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I will take for Ex- A {B'S anne 28 B] 
ample a South Plain | 


Reclining 55 deg. 
which is the Third 
Variety of South Re- 7 
cliners, and I would | 
from that deduce the 
Hour-lines proper for (i 
a North plain Inclin- South "\\\ 
ing as much, viz. 55 \ 
deg. And it is eaſily F— — : 
effc&ted. For, | orhel | Sadmning | | 
If you draw the % | 


Reel, 1 ng 


« 


Hour-lines of the 
South Recliner 6 A | | \\ 

B6, and the Stile mW 

thereof alſo, quite |F] MINE 

through the Centre PSs 

Q, to the oppoſite PTY % 
part ofthe Plain, 6 C | 4 il \_\  S 
D 6, and ſet theſame C_4__3 7-112v109 8 D 
numbers to the hours on the right hand in the Recli- 
ner, and the contrary, as the Figure clearly demonſtrates : 
And let the Axis in the North Incliner point downwards 
to the South Pole, as the Axis in the South Recliner doth 
upwards to the North Pole, and your Dial is finiſhed. Or 
you may effe& this work by pricking off the Hour-lines 
through the Paper, and turning it upſide down, and that 
will effe& the fame thing, only changing of the names of 
the hours. Or again, if you turn the South Reclining 
Plain, 6 A B 6 about, upon the Centre Q,, till the Line 
A B come to be in the place of CD, then will the Hours, 
Stile and all, be truly named and poſited ; and the very 


South Recliner will now become the North Incliner with- 
out any Alteration, 


u Of 
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I I. Of Eaſt and Weſt Incliners. 


There is little difference in drawing of the Eaſt or Weſt 
Inclining Dials from the Reclining Dials oppolite to them, 
than there was of drawing of the North Incliner before, 
from the South Recliner: For, 

In the Example of the Eaſt and Weſt Reclining and In- 
clining Dial, before going Chapter 10. The Dial as it 
there ſtands, reprelents an Eaſt or Weſt Reclining Plain. 
But it you turn the Dial about upon the CentreQ , till the 
letter N come to be 1n the place of the letter S, in that Fi- 
gure, then will the ſame Dial repreſent both an Eaſt and 
\Weſt Dial Inclining 35 dey. as now it doth an Eaſt or Welt 
Reclining as much. The Subſtile, Stile, Meridian, and the 
relt of the Hout-lincs rctaining the ſame names or denc- 
minations, as now they do. 


ITI. Of North or South Declining Inclining Plains. 


Of North and South Reclining Declining Plains, there 
were Six Varieties, Examples of each have been largely gi- 
ven. There arc as many of North and South Incliners, but 
ſecing they may be lo calily deduced out of their oppoltte 
Recliners, I (hall forbear giving cxamples, and the way is 
not much diffcring from the Rules betore given for Dirett 
Reclining and Inclining Plains. For ſceing the Reclinati- 
on is alike proper to cach, and the Dcetlcxion of the Sub- 
{tile from the Meridian 1n the Declinations do fo directly 
agree, they may both be reduced to one and the fame Dial 
as the other were. 

Thus, If any Reclining Dial be fo inverted, that the up- 
per part thercof, become the nether, andatter this 11:vertion 
the right ſide of the Recliner, bccomethe lett (idle of the In» 
cliner,and the contrary, the Inclining Dial having the lame 
declination,ſhall be framed out of the Recliner,and the con» 
trary. Only the denominations of the Hours mult be chang- 
ed. For the Forenoon hours in the Recliner, will be the 
Afternoon hours in the Incliner, and the Afternoon hours 


of the upper Dial, the Forenoon hours of the nether. 
Q 2 CHAP. 
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CH AP. XXVIIL. 


A General Rule to know which Pole, whether the Narth or the 
South 7s to be elevated over any Plain. 


He Stile of every Dial reſpetteth (or rather lieth pa- 

rallel with)the Axis of the World,and always point- 

eth upwards or downwards, to one of the Poles. Now 
when you have drawn your Dial (though truly) you may 
be to ſeek, whether it it be the North or the South Pole 
that muſt be elevated ; wherefore to avoid any miſtake, 
and toinform you which Pole is to be elevated. Obſerve 


this General Rule. 


Upon all Upright Plains, c South South 
whether direct or de- Cid the Cole 
clining, upon the North North 


Recliners? North?) 
Upon all Eaſt ; 
and Weſt 3 oF | Pole. 


Incliners | South 3 


{North Recliners? whether ? North} 
Upon al]: , Direct or > 7 Pole. 
| South Incliners ; Declining } South } 


South Re- _ ” If the Zenith nd South 
Up- Ycliners _ Plain 


on dre <pabe->-Nadir 9.5 North ÞPole. 
all /North In-\, clin. —_ < Fu , 
. Horizon 4 [_ South 


cliners ing 


This Rule being duly obſerved, there will be nodifficulty 
to find which Pole is elevated, 


A Second 


_— 


Second Way 
DIAL LING 


GEOMET RICALLY Performed. 


_—  — — 


PART IL. 


O— 


N the foregoing Firſt Part, you have a molt abſolute 

and perfect way of delineating of Sun-Dials upon all 
ſorts of Plain Superficies in what poſition ſoever lituate, 
and in any Latitude, whether the Plains be Dire&, or do 
Decline, or whether they both Decline or Recline : And al- 
ſo you may there find, not only the manner how to make 
Dials, but to know the Grounds and Reaſon of Dials, de- 
duced from the Sphere or Globe projected in plano, upon the 
Dial-Plains Superficies. 

But notwithſtanding the Exactneſls and Rationality 
of delineating of Hour-lines upon all Plains, and in 
all Places, as is before taught; yet the ways there 
delivered, may (in ſome caſes, at fome times) be found 
inconvenient to put in praQtice: As (1) When the Cen- 
tres of fame of the Circles fall out to be very remote. 

(2) When 
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(2) When the unequal Diviſions of the ZEquino@;al Cire 
cle come very near or cloſe together, which they will al- 
ways do, when the Pole hath but ſmall Elevation above 
the Plain, and ſuch like, For the removal of which In- 
conveniencies, I ſhall in this Second Part add another Geo- 
zietrical [Way of Dialling, which ſhall be both Plain,Eaſte,Ex- 
act,and of Quick diſpatch and all of it performed by ſtrait 
Lines, and not by Circular Lines, as the former Way rc- 
quires. And moreover, this Second WWVay hath a Conveni- 
ence, Which molt other Geometrical ways of Dialling are 
culpable of, namely, to out-run the Limits of the Plain, 
by almoſt infinite Excurſions : For in this way, having 
firſt made a Preparative Scheme upon Paper (or Paſthoard 
rather) you ſhall have very few Lines to draw upon the Di- 
al-plain but the Hour-lines theraſclves. 

In this Second Way, I (hall be brict', beg'::mming firſt to 
ſhew how to deſcribe the Hour-lines upon Oprieht Decli- 
ning Plains; reterring the delineation of Hours upon the 
Horizontal full North South, Faſt and Weſt Pliins (whether 
Upright or Reclining)till afterwards: And the Reaſun for 
my ſo doing, will of it fcIf appcar, when I ſhall come to 
treat of them. Whercforc to procecd, 


— —_—— > - 0 —_—— _——— — - —— = - ——_— 
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Section I. 
How to draw Hour-lines upon an QOprieht South Plain Decli- 


ning from the South towards the I eſt 20 deg. in the Lati- 
tude of London 51 deg. 32 mn. 


Aving the Latitude of the Place, and: the Declination 
H of your Plain given, betore you come to draw the 
Hour-lines upon the Plain, you muſt hrit draw your Pre- 
parative Scheme, as fullowcth. 


I. How 


k 
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I. How to draw a Preparative Scheme ſuitable to any 
Declination in any Latitude. 


Firſt, With 60 deg. or the Radius of your Scale of 
Chords, deſcribe the Quadrant of a Circle A B D, exten- 
ding the fide B A to C, fo that A C be equal to A B: And 
then draw the right line D C. 

: Secondly, On the point B, ere& the perpendicular 
mr. 

Thirdly, Take 51 deg. 3o min. (the Latitude) out of 
your Scale of Chords, and ſet them from B to F, and from 
D to G, and laying a Ruler from A, to F and G, draw the 
'two Lines F K, and GI. 

 Fourthly, From the point G, draw the Line GH, paral- 
lel to D A, or perpendicular to B A. 

Fifthly, Take 20 deg. (the Plains Declination) out of 
your Scale of Chords, and ſect them from D to E, and 
through the point E, draw the LineE L, parallel to 
DA 


Sixthly, With 60 deg. (or the Radius of your Scale of 
Chords) taken in your Compalles,ſet one foot in the point 
D, and with the other deſcribe the Arch A O, which di- 
vide into three equal parts, in the points P and Q , forthe 
whole hours, cach of which three Hour-ſpaces A P, P Q, 
and QO, divide into four equal parts at ***, ***, ***, 
for halts and quarters of hours. Which done, it youlaya 
Ruler to the point D, and the points P and Q, the Ru- 
ler will cut the Line A Cin thepoints 2 10, and 1 11,and 
by theſe points the Line A C is divided into tour unequal 
parts in the points 39,2 10, 111and 12, reprefenting three 
hours. And if from D,you lay aRuleroverthe ſeveral points 
*** G4. they ſhal! divide the ſeveral ſpaces in the Hour- 
line AC into four uncqual parts for halts and Quarters of 
Hours. And thus is your Preparative Scheme 10 far finiſhed. 
Wherefore now let us proceed, Ru 
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I. To draw the Meridian, Stile, Subſtile, and Hour-lines 
pon the Plain it ſelf. 


Firſt, Upon your Dial-plain, draw a Right Line asST, 
for the Meridian, and Hour-line of 12. Upon which, aſ- 
l12n any convenient point, as R, for the C-ntre of your 
Dial; through which point R, draw the Line R W, per- 
pcndicular to ST, 


Secondly, Out of your Preparative Scheme take the Line 


B K, and ſet it upon your Dial-plain, from R to T; alſo, 
from the Preparative Scheme, take B I, and ſet it on your 
Dial-plain from R to W, on the right hand, becauſe the 
Plain declineth Weſt, and from T to V, make the Rect- 
angled Parallelogram R W T V on the Eaſt fide, 

Thirdly, Ont of the Preparative Scheme, take the Line 
L A, and ſet it upon the Dial-plain from T to X, and from 
Wrto®©, and draw the Lines R X for the Subſtilar Line, 
and R © for the Hour-line of Six, which draw quite 
through the Centre R. 

Fourthly, Out of your Preparative Scheme, take the Line 
E L, and ſet it upon your Dial-plain from R to 12, and 
from X to Y, perpendicular to R X, and draw the Line 
R Y for the Axis (or Stile of your Dial.) 

Fifibly, Out of your Preparative Scheme, take the line 
G H, and (ct it on your Dial-plain from R to Z, anddraw 
the line Z 6, parallel toW Y, till it cut the Hour-line of 
Six 1n 6. V 

Sixthly, Make R 6 above the Centre, equal to R 6 be- 
low the Centre, and draw the two Lines 12 6, and 12 6. 

Seventhly, Out of your Dial-plain, take the length of 
the Lines 12 6, and 12 6, and ſet them upon the Prepa- 
rative Scheme from B to b, and fromBto a. And laying 
a Ruler from C to a, draw the Lines M C, and N C. 

Laſily, From the point A or 3, 9, take the neareſt diſtance 
to the Line N C,and ſet that diſtance upon your — 

[ 


om 
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from 12 to9, or froms6 tog, for it will (if you work 
truly) divide the Line 6, 12 into two equal parts in 9. Al- 
ſo ſet one foot of the Compaſles in the point 2, 10 in the 
Line A C of the Preparative Scheme, with the other take 
the nearelt diſtance to the Line N C, and (ſet that diſtance 
upon your Dial-plain, from 12 toV,and from'6 to 16, ----- 
Again,ſcetting one foot of the Compaſles in the point 1, 11, 
in the Line A C of the Preparative Scheme, with the other, 
take the neareſt diſtance to the Line N C, and ſet that di- 
ſtance from 12 to 11, and from 6 to 7. So 1s the longer 
Line 6, 12 on your Dyzal-plain, divided into Six unequal 
parts in the points 7, 8, 9, lo and 11; through which 
points, Lines drawn from the Centre R, ſhall be the true 
Fore-noon Hours. 

For the Afternoon hours,the ſhorter Line 12, 6. on your 
Dial-plain, mult be divided from the Line A C in the Pre- 
parative Scheme, as the longer Line 12, 6 was before divi- 
ded ; by taking the leaſt diſtance from A or 9, 3 to the line 
M C, and ſetting it from 12 to 3, or from 6 to3. Al- 
ſo the leaſt diſtance from 2, 10, to M C, in the Preparative 
Scheme, will reach from 12 to 2,and from 6 to 4.---- Like- 
wile the leaſt diſtance taken from 1, 11, to the Line M C, 
in the Preparative Scheme, will reach from 12 to 1, and 
from 6 to 5. So is the ſhorter Line 12 6, on the Dial- 
Plain, divided into fix unequal parts in the Points 1, 2, 
3, 4, 5- Through which points, and the Centre R, right 
Lines being drawn,they ſhall be the true Afternoon Hour- 
lines upon the Plain. And fo is your Dial finiſhed. 

If you would inſert the Halfs and the —_— of Hours 
. into your Plain. you may eafily do it, if from the Prepa- 
rative Scheme you take the nearcſt diſtance from the Half 
and Quarter points in the Line A C, and transfer them 
to the Lines 12, 6, and 12, 6, 1n the Dial-Plain. 


R Sed. 
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Seaion. I I. 


How to deſeribe Hour-lines upon the Horizontal Full South, 
North, Eaſt and Weſt Ere@ or Reclining Plains. 


N theſe kind of Plains, which directly behold the Four 
Cardinal North, South, Eaſt and Weſt points, the La- 
titude of the place, and Reclination of the Plain being 
known, there 1s nothing required, but to know the Ele- 
vation, or height of the Pole above the Plain, which, how to 
find, is ſufficiently taught in the Foxrth and Fifth Sefions 
of the Fourth Part of this Book : And thercfore I ſhall not 
here repeat the ſame again, but refer you to thoſe fore- 
mentioned Fourth and Fifth Se&ions of the Fourth Part 
hereof. Wherefore, to draw Hours upon any of theſe E- 
red, Diref, or Dire Reclining Plains, when the height 
of the Pole or Stile above the Plain is found, you have no 
more todo; but, 

Firſt, Draw a right line A B for the Hour-line of Six, 
and another at right Angles thereto, for the Hour-line of 
12, as the Line © X. 

Secondly, With the Radius of your Line of Chords 60d. 
upon © asa Centre, deſcribe the Semicurcle AX B. And 
the height of the Pole above the Plain being known, (as 
for an Horizontal Dyal for London, where the Pole is cle- 
vated 51 deg. 3o min.) Take 521 deg. 3o min. from your 
Chord, and ſet them upon the Semicircle from X to F, and 
from X to 1, and through the points F and I, draw the 
Lines 6 F and 6 I, parallel to © X, and draw the Lines 
X 6 and X 6 on either fide of the Meridian. 

Thirdly, (Having recourſe to your former Proparative 
Scheme) take in your Compaſles the length of the Line X 6, 
and ſet it upon the Preparative Scheme from B to c, and 


laying a Ruler from A to c, draw the pricked Line C 4. 
| Fourthly, 
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Fourthly,In the Preparative Scheme fromthe point A org, 3, 
take the neareſt diſtance to the pricked Line A C, and ſet 
it upon the Lines X 6, and X 6, from X to 3, and from 
X to 9. Alſo from the point 2, 10, in the Line A C 
of the Preparative Scheme, take the nearcſt diſtance to the 
pricked Line AD, and that diſtance fet upon the Lines 
X 6, and X6, from X to 10 and 2, and froms to 8, and 
from 6 to 4. — Likewiſe, take the neareſt diſtance from 
the point 1, 11, in the Line A C ofthe Preparative Scheme, 
to the pricked line A C,which diſtance will reach from X 
to11, and from X to 1, and allo from 6 to 5, and from 
6 to 7. Soare the two Lines X 6 and X 6 divided each 
of them into ſix unequal parts, the one in the points 1, 2, 
3, 4, and 5, and the other in the points 11, 10, 9, 8and 7. 
Through which points, right Lines drawn from the Cen- 
tre ©, they ſhall be the true Hour-lines proper for an Ho- 
rizontal Dial, tor the Latitude of London 5 1 deg. 32 min. 

For the Stile of this Dial, a Line drawn from the Cen- 

tre ©, through either of the points F and I, ſhall re- 
preſent the Axis of the World, or Stile of the Djal. 


For a Vertical or Ere South Dial for the ſame Lati- 
tude 51 deg. 32 min. 


The height of the Pole above a South Plain in the La- 
titude of 51 deg. 32 min. 1s 38 deg, 28 min. the Comple- 
ment of the Latitude. Wherefore, 

Firſt, Take 38 deg. 28 min. from your Scale of Chords, 
and (ut them from X to G, and from X to H, and draw 
the Lines X M and X D, parallcl to © X. 

Secondly, Take the length of the Line X M and X D, 
and apply it to your Preparative Scheme, fctting it from B 
to d, and laying a Rulcr fromC to d, draw another prick- 
ed Line C AX. 

Thirdly, The neareſt diſtances taken from the points A, 
2, Io,and 1, 11, inthe Line A Cot the Preparatice Scheme, 

R 2 will 
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will (being transferred from thence to the Dial-plain) di- 
vide the Lines X M and X D, each of them into ſix une- 
qual parts, through which diviſions, and the Centre ©, 
Lines being drawn, they ſhall be the true Hour-Jlines of an 
Erect South Dial in the Latitude of London. 
A Line drawn from © (the Centre of the Dial through 
the points H or G, hall repreſent the Axis of the 
World, and be the Stile of this Dial. 


For a Dire# North Reclining Plain. 


Let our Example be of a Dire North Plain Reclining 
from the Zenith 25 deg. and ſuch a Dial is deſcribed in 
the 17th. Chapter of the Firſt Part, and the height of the 
Pole or Stile above the Plazy, was there found to be 63 d. 
28 min. And fo it will be found to be by the Rule deliver- 
ed in the Fifth Section of the Fourth Part of this 
Book. 

Firſt, The height of the Stile being found to. be 63 d, 
28 min. take 63 deg. 28 min. from the Scale of Chords, 
and fet them from Xto E, and from X to K, and draw the 
Lines E C, anp R D, parallel to the Meridian © X. Alſo, 
draw the Lines X C and X D. 

Secondly, Take the length of the Line X Cor X D, and 
ſet it upon the Preparative Scheme from B toe, and draw 
a third pricked Line as e C., 

Thirdly, The neareſt diſtances taken from the points A, 
2, 1D, and 1, 11, in the Line A C, ſhall (being ſet upon 
the Lines X C and X D) divide them cach into Six une- 
qual parts z through which, and the Centre ©, right lines. 
being drawn, they ſhall be the true Hour-lines of a North 
Dire Plain Reclining 25 deg. the Latitude of Lox- 
don. 

The Stile muſt be drawn from the Centre ©, through 
the point E or K. 


For 
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For Dire Eaſt or Weſt Plains, whether Ere@ or Re- 


clining. 


For Ered Dire@ Plains, where the Hour-lines are paral- 
Ic] one to another, the Stile or Pole having no Elevation, 
the beſt way to make them, is, as is direfted in the Sixth 
Chapter of the Firſt Part. And therefore in this place, 
nothing more need be ſaid concerning them. Burt, 


For Eaſt and | Feſt Recliners. 


The beſt way to deal with theſe kind of Plains, is to 
refer them to a ew Latitude, and to a new Delineation in 


that ew Latitude, both which are ealily attained by this 
following GENERAL RULE. 


I. The New Latitude, is always the Complement of the 
Old Latitude. 

2, The New Declination in that New Latitude is the Come 
plement of the Reclination. 


So that if a Dire&t Eaſt Plain, in the Latitude of Lon- 
don 5 1 deg. 32 min. ſhould Recline 4o deg. and you would 
ftind the New Latitude and New Declination; 

Firſt, The Complement- of the Old Latitude 51 deg. 
32 min. is 38 deg. 28 min. And that muſt be tne New 
Latitude. 

Secondly, The Reclination being 40 deg. The Comple- 
ment thereof is 50 deg. And that is the New Declinati- 
on. 
So that if (by the directions of the Firſt Sedjon hereof 
you make an Ered Dial to decline 50 deg. in the Latitude 
of 38 deg. 28 min. that Dial ſhall ſerve for an Eaſt or Weſt 
Dial, Reclining 40 d. in the Latitude of 51 d. 32 m. 

Thirdly, Although this Declining Plain be truly made, 

yet 


126 Geometrical Dialling. 


et the placing of it upon the Dial-Plain, differeth from 
Fred Plains : For, in all Erect Declining Plains, the Hour- 
line of 12 is always perpendicular to the Horizontal Line 
of the Plain. So 1n all Eaſt and Weſt Reclining Plains, the + 
Hour-line of 12 mult lie parallel to the Horizontal Line of 
the Plain. As you may ſee in the Figure Chap. 10,0f Part 
the Firſt. 

Ic _ here be expeCted,that I ſhould fay ſomething con- 
cerning Declining Reclining Plains, which this Geometrical 
way will very well perform, by referring them to a New 
T atitude, and a New Declination, where they will become 
Ere& Declining Plains; but tor that the performance there- 
of, this way, would require many Schemes, and that there 
are Three ways in this Book, already taught, how to effect 
the ſame by other means, I thought good to omit them in 
this place z and to give Examples in Ere& Dire, in Dire&# 
Reclining, and in Ere# Declining Plains, (as being of all 
others the moſt uſeful. ) And fo I ſhall conclude this Se- 
cond Geometrical Way oft Dialling. 
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The ART of 


DIA L LING, 


INSTRUMENTALLY 
PERFORMED: 


By a Plain, Cheap, and Portable Inſtrument, accommo- 
dated with Lines neceſlary for that purpoſe. 


PART. II. 


CHAP.T. 
A Deſcription of the Inſtrument. 


6 3 HE Inſtrument may molt conveniently be made up- 
on a thin Plate of Brafs (the thinner the better.) 
Let it be made in the form of a Right-angled Triangle, one 
of the [ides containing the right Angle being in the Figure 
marked with A B, let it be divided as a Line of Natural 
Sines, and the other (ide noted with A C, let be divided 
as a line of Natural Tangents, of ſuch a length that it may 
contain 75 degrees at the leaſt of the ſame Radius withthe 
Line of Sines. Let both the Sines and Tangents be num- 
bered from A, by 10, 20, 3o, ec. according tothe uſual 
manner, the Sines to go deg. and the Tangents to 75 or 
upwards -—— The diviſions of both theſe lines muſt be 
graduated. 
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graduated cloſe to the outer edges of the Braſs as Protra- 
ctors are uſually divided, and the Metal not exceeding that 
thickncſs. On the third edge B C, is graduated a line 
of double Tangents of any Radius, ſuch as the line is ca- 
pable to receive 45 deg. on either {ide from the middle 
thereof, from D toE 45 deg. and from D to F as many ; 
which Tangents are to be numbred not into degrees of a 
Circle, but into degrees of Time, allowing 15 deg. to 1 
hour, 3o for 2 hours, and 45 for 3 hours, and theother in- 
termediate parts for Halfs and Quarters, and in larger In- 
ſtruments into ſmaller parts This [ call the Scale of 
hours, and muſt be numbred as in the Figure Xll,ſtanding 
at one end, and VI at the other end thereof, IX and III in 
the middle, and the reſt in order, as in the Figure ----- And 
it were not amils, if the Tangent line A C were marked at 
the degrees of Time, as well as into degrees of the Circle, 
which will be uſcful in the deſcription of Eaſt, Welt, and 
Aquinottial Dials both directand declining. 

In ſome convenient place of the Plate you may have one, 
two or three Lines of Chords to ſeveral Radius's, which 
will perform the work of the Firſt Part of this Book, and 
will alſo be ſerviceable in this. 

Alſo it would be neceſſary that the other ſide of the Plate 
were graduated for the Lines of Sines and Tangents, in all 
reſpects, as the fore-ſide : But for the line of hours it were 
not amiſs to havetwo or three of them of ſeveral lengths, 
asin praCtice you may find occaſion for, though one will do 
all. And this may eaſily and commodiouſly be done if the 
middleof the Plate becut out,and then on all the inner edges 
of the Plate, you may have ſeveral Lines of hours, and be- 
tween them Chords alſo. A Quadrant alſo may be proje- 
ded upon this Inſtrument, and then it will be ſerviceable 
to takeadeclination of a Plain; for by it you may find the 
Azimuth. The Inſtrument thus fitted will be very portable, 
and very exaQtand eaſicin praftice. For theſe laſt mention- 
ed parts, I leave them to the diſcretion of the Artificer, = 
tae 
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the will of the Owner, the firſt three lines being ſufficient 
to perform all the following works. This Inſtrument thus 
made, I call (in reſpect of the Figure of it) an Horologioal 
Trigon. The uſes whereof are exhibited 1n the following 


Chapters. 


CHAP. II. 


How to draw the Hour-lines upon all ſorts of Dire& Plains,by 
help of the Horological Trigon. 


als may be delineated upon allſorts of Plain Superfi- 
cies, by help of this TRIGONAL INSTRUMENT. 
And that I may retain herein the like Method as I have ob- 
ſerved in the Three foregoing Treatiſes, I ſhall begin with 
the Dire& Plains firſt, and from them proceed to the Ob- 
lique. And in my proſecution hereof, I ſhall more lightly 
paſs over ſuch things as I have in the firſt Part more par- 
ticularly handled, ſo by this means the ſubſequent Treatiſe 
will be the more brief, and the leſs cumbred with Precepts - 
And I ſhall begin with ſuch Plains as are Dire#, whether 
Ere& or Reclining. 


Section I. 


How to draw the Hour-lines «pon a Vertical or Horizontal 
Plain, as alſo upon any dire North or South Plain iz any 
Latitude, whether Ere& or Reclining, 


Here is no difference in the conſtrudtion of theſe ſe- 
veral ſorts of Dials, the height of the Pole or Stile 
above the Plain being firſt attained, which how to cticQ, 


1s at large taught Geometcically in the Firſt and guns 
S art, 
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Part, Chap. 3. and in the Fourth Part, SeQt. r. and there. 
fore in this place will be needleſs to recite. Wherefore let 
us take one Example for all, viz. 


To draw the Hour-lines on a Vertical or Horizontal Plair, 
in the Latitude 51 deg. 32 min. 


Firſt, Upon your Plain(or upon a Sheet of Paper)draw 
a Tight line A B for the Meridian (or hour-line of 12,) and 
afligning any point therein (as A) for the Centre of your 
Dial, through it draw the line C A D at right Angles for 
the Hour-line of 6. 

Secondly, Lay the Centre of your Trigon, to the Centre 
of your Dial, {o that the Tangent-line thereof may lie 
upon the Line of 12, and the Line of Sines upon the Line 


of Six. 


"L TI 


Thirdly, With a Needle (or protraRting Pin) make a 
I 
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Mark npon the Meridian Line, againſt (the Radius or) 
45 deg. as the point E. And upon the line of 6 make ano- 
ther mark, againſt the Sine of your Stiles height(in this Ex- 
ample —__ 51 deg. 32 min.)as at F,and draw thelineE F. 
Do the like on the other fide of the Meridian line, by ma- 
king AG equal to AF, and draw the LineE G. | 

Fourthly, Divide the linesE Fand E G(each of them )in- 
to two equal parts,inthe points 9 and 3,andfrom the Centre 
of your Dial through theſe points 9 and 3,draw two right 
lines, which ſhall be the Hour-lines of g and 3 of theClock. 

Fifibly, For the drawing of the reſt ot the hours, la 
the Line of Hours upon your Trigon to your Plain,in ſu}, 
manner, that the point or end thereof noted with 6, agq 
the other end or point thereof noted with 12, may juſtly 
touch the Hour-lines of 12 and 6 upon your Dial-plajn, 
and move the Line of hours between the two Hour-lines 
of 12 and-6 backwards or forwards (as occaſion ſhall re : 
quire) till the middle of the Line of Hours, noted with the 
hours 9 and 3, reſt juſt upon the Hour-line of 9g or 3 upon 
your Plain ---- Your Line of Hours lying in this poſition 
with your protracting Pin (or Needle) make mocks upon 
your Plain, againſt every Hour, halt and Quarter, as the 
points *** gc, ------- And from the Centre of your Dial, 
__ theſe reſpeCtive points)draw right Lines and they 

all be the true Hour-lines proper to your Plain. 

Do the like on the other fide of the Meridian for the 
Aftcrnoon hours, and your Hour-lines are all drawn,exceprt 
thoſe before 6 in the morning, and after 6at night, which 
mult be drawn through the Centre, according to the dire- 
ion given in Part I. Chap, 3. : 

It may ſeem at firſt ſomething diftcult to enter the line 

of Hours upon your Trigon,between the Hour-lines of 
12 and 6, and fo as the point 9 or 3 may reſt upon 
the Hour-line of 9 or 3 alſo; but know there isno difti- 
culty at all, but wonderful cafic, and ſo expeditious, 
that the Trigon is prepared to prick down all the 

S 2 Hours, 
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Hours, halfs and quarters, as ſoon as you could with 
your Compaſles, take one of ther out of a Scale , 
and will give you the hour points upon the Plain 
mere exact than you can ſet them well off with the 
Compalles ---- And farther Note, that your Trigoz ly- 
ing 1n this poſition, the Line of hours on your Tri- 
gon, will always lie parallel tothe lines E F, and E G, 
if there be no former errour. 

Laſily, For the height of the Stile above the Plain (it is 
in this Example, equal to the Latitude of the place 51 deg. 
32 min. this you may ſet off by a Line of Chords (as hath 
been often ſhewed before) but by the Trigon thus ---- Lay 
the Centre of your Trigon upon the pointE,the line of Sines 
lying upon the Meridian (or 12 a Clock) line, then again{t 
the Tangent of 51 deg. 32 min. make a mark as H, and 
draw the line A H for the Stile, ſo is your Dial finiſhed. 
| And according to this precept may the Hour-lines upon 

all Northand South Dire# Plains bedrawn, without any far- 
ther trouble,and ſo for ſuch plains,let this one precept ſufhce. 


Secion I I. 


How to draw the Honr-lines upon the Dire Eaſt Weſt upright 
and Xquinottial Reclining Plains, by help of the Trigon. 


Ur Example ſhall be of an Eaſt Ere& Direc Plain in 
the Latitude of 51 deg. 32 min. Wherefore, 
Firſt, Draw (by the directions in Part I. Chapter 6, 
a Right-Line A B for the Aquinodctial, and in any 
point thereof, as at C, draw a right line D CE (at right An- 
glesthereunto) for the Hour-line of 6. 
Secondly, Aſſign any point of the Hour-line of 6, (pro- 
portional to the bignefsof your Plain)as F for the height of 
your perpendicular Stile or Gnomon. 


Thirdly, 
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Thirdly, Lay the Trigon to your Plain, fo that the Line 
of Sines may lie juſt upon the Hour-line of 6, and the end 
thereof at 9o deg. upon the point F ----- The Trigon lying 
in this poſition;with your Needle or protraGting Pin,make 
marks upon your Plain, by the fide of the Tangent line up- 
on your Trigon, at every hour, half and quarter, at the 
marks *** ec. (for the Tangent line upon the Trigon, is 
divided into hours and parts of time,as well as into degrecs 


and minutes.) 
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Fourthly, Lay a Ruler to F,and every one of theſe hours, 
halts and quarters,and where the Ruler crofleth the Xqui- 
noctial Line of the Plain A B, as at the points © © ©, ec. 
through thoſe points draw right lines parallel to the Hour- 
line-of 6, and they ſhall be the true Hours proper for your 
Plain. 

For the hours before 6 inthe morning on the Eaſ# Dial, 
and after 6 at night on the Weſt Dial, the ſame diſtances ſet 
backwards upon the Aquinoctial-line, will give you thoſe 
points as is direted in Part I, Chap. 6. 


Note, 
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Note, If you make your Dial anſwerable to the bigneſs 
of your Trigon, much of the labour in making of this 
Dial will be ſaved : For, when you have drawn AB 
the Aquinodtial, and crofled it at right Angles, with 
the Line C DE for the Hour-line of 6 ------ Lay the 
Centre of the Trigon upon the point D, and the Tan- 
gent line of the Trigox upon the Aquinoctial Line of 
the Plain, and ſo making marks at every hour, half, 
and quarter,lines drawn through thoſe points parallel 
to the Hour-line of 6,ſhall be the true hours proper for 
the Plain---- And here note alſo, that the Line A B 
firſt drawn, muſt make an Angle with the Horizontal 
Plain, equal to the Complement of the Latitude of 
the place, for which the Dial 1s made. 

What 1s ſaid of the Eaſt Plain, the ſame is to be under- 

ſtood of the Weſt, as in Part I. Chap 6. and the ſame of 

the /EquinoQtial Plain alſo, only the 6 a Clock Hour-line 
in theſe Plains, is the 12 a Clock Hour-line in thoſe, as in 

Part I. Chap. 12 is ſufficiently explained. 


CHAP. III. 


How to draw Hour-lines upon any Ere& Plain, Declining Eaſt 
or Weſt, by help of the Horological Trigon. 


Heſe are the Dials, which (of all others) are moſt in 
uſe, and therefore will require the more care in the 
practice of the making of them; and that I may remove all 
difficulties that may ariſe in the making of them at any time, 
I ſhall bethe more large in this particular,for (indeed) up- 
on the _— of theſe Dialsin all Latitudes, doth depend 
the making of all other Oblique Dials, whether Reclining 
or Inclining, as hercafter ſhall be taught. 


SECT. 
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Section ]. 


How to deſcribe the Flour-lines upon an EreC or Upright Plain, 
Declining from the South Eaſtward 3o deg. in the Lati- 
titude of 51 deg. 3o min. | 


wh Draw a perpendicular or down-right line A 12 B, 
þ or the Meridian and Hour-line of 12,and making choice 
of ſome convenient point therein, as A, for the Centre of 
your Dial, draw through that point an Horizontal Line 
M A N. 


w—_ $— SC —— — 
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Secondly, Apply the Centre of the Trigon, to the Cen- 
tre of the Dial at A, fo that the Line of Sines may lie up- 
on the Line M A, and the Line of Tangents upon the line 
AB: And againſt the Tangent of the Latitude of the place 
5x deg. 32 min. make a-mark at B, and alſo at the Co-Sine 

of 
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»f the Latitude 51 deg. 32 min. make another mark at H. 
Thirdly, Remove the Trigor, laying the Centre thereof 
to B, and the Line of Tangents upon B A, and againſt the 
Sine of the Declination 3o deg. make a mark, as E, and 
raw the Line AE for the Subſtilar line of the Dial. 

Fourthly, Upon the point E, erect a perpendicular, and 
laying the Centre of the Trigon upon E, and the Line of 
Sines upon the perpendicular, make a mark againſt the Co- 
Sine of the PlainsDeclination 60 deg. as at F,and draw the 
Line A F forthe Stile, 

Fifihly, Laying the Centre of the Trigon to B, and the 
line of Sines upon A B, make a mark againſt the Co-Tangent 
of the Latitude of the place 38 deg. 28 min. as at D, and 
through the point D draw the line D C parallel to AB. 

Sixthly, Take in your Compaſles the diſtance B E, and 
ſet it upon the line C D fromC to G, and draw the Line 
A G forthe Hour-line of 6, quite through the Centre, asthe 
line6AG6. 

Seventbly, Through the point H, draw the lineH R, pa- 
rallel to AB, cutting the Hour-lineof 6 1n the point 6, and 
make A 6 above the Centre,equal to A 6 below the Centre, 
and theline A 12, equal to E F,drawing the lines 12, 6, and 
12,6, which divide into two equal parts in the points 
9 and 3,and draw the lines A 9 and A 3,for the Hour-lines 
of Nine and Three. 

Eighthly, Apply the Line of Hours upon your Trigon,be- 
tween the Hour-lines of 6 and 12, fo that 9 and 3 may reſt 
upon 9 and 3 as hath been before- preſcribed, and make 
marks at the feveral hours, as the points *** e*c. through 
which points, and the Centre A, draw the hours, and ſo the 
halfs and quarters, if you pleaſe, 

For the line of 5 in the morning, it is drawn by extend- 
ing the Hour-line of 5 at night through the Centre. Andin 
the making of this Dial, you have made four Dials as isde- 
clared, a largly inſiſted upon, Part I. Chap. 8. and there- 


Theſe 


fore no more need be faid of it in this place. 
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Theſe Precepts here delivered,are ſufficient for the mak- 
ing of Upright Declining Dials in any Latitude, but 
moſt conveniently in theſe middle Latitudes,under the 
temperate Zones;in the Torrid and Frigid Zones there 
may fall out ſome Inconveniencies, for when the Lati- 
tude is either very great or very ſmall,ſuch as the lines 
on the 1r:g0r are not capable to receive, there are 
other means to remedy thoſe Inconveniencies, which 
{hall be cleared by the two following Propulitions,one 
whereof, vhall ſhew how to effe& the work of this 
Chapter, when the Latitude is very ſmall, the other 
when 1t 15 very great. 


aniline nm rt = Er ern 


Section TI I. 
PROP. 


To draw an Upright Declining Dial in ſucha Latitude, where 
the Pole hath but ſmall Elevation. 


Let the Example be of an Upright South Plain Declining 
Eaſtward 3o deg. in the Latitude of 10 deg. 


Irſt, Draw a line A B 12, for the Meridian and Hour- 
þ ine of 12, and make choice of a point therein for a 
Centre, as A, through which draw a line perpendicular 
thereto for the Horizontal line of the Plain, as the Line 
GCA. 

Secondly, Lay the Centre of the Triger: to the Centre of 
the Dial, and rhe' Tanygznt-line thereof upon the Line 
AB 12. Andagainſt go deg. or the Rackus of the line of Sines, 
make a mark ay C, and alfo againſt 8o deg, chereof, which 
is the Complement of the Latitude of the place, as at H. 
Likewiſe againlt the Tangent - the Latitude 10 deg-make a 


mark, 
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mark, as at B,and draw the Lines BD parallel to to the Ho- 
rizontal line G C A, and the line CD parallel tothe Meri- 
dian Line A B, 

Thirdly, Lay the Centre of the 1rigox upon B, and the 
Line of Sines upon B D, and make a mark againſt the Sine 
of the Plains Declination 3o deg. as E, and draw the Line 
A E for the Subſtilar Line of the Dial ; then take the di- 
ſtance B E, and ſet it upon the Horizontal line of the Plain 
from C to G, and draw the line E G, cutting the line 
CD in K, ſo ſhall A K be the Hour-line of 6. 


1 2 

Fourthly, Upon the point E, ere the perpendicular E F 
and laying the Centre of the Trigon upon E, and the Line 
of Sines upon E F, make a mark againſt the Sine of the 
Complement of the Plains declination 60 deg. at the point 
F, and draw the Line AF for the Stile. 

Fifthly, Through the point H, draw the line H M, paral- 
le] to the line A B,cutting the Hour-line of 6 inthe point 6. 
then taking the diſtance EF in your Compaſles, make the 
line A 12 equal thereto, and the line A 6 abovethe Centre 
equal to A 6 below the Centre, and draw the lines 6, 12. 
and 
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and 6,12. which divide into two equal parts ing and 3,and 
for the other hours app! y theline of hours of the Trigon, as 
is before directed, and finiſh the Dial, according to former 


Precepts. 


PROP. 1II, 


How to draw an Upright Declining Dial in ſuch a Latitude 
where the Pole hath great Elevation. 


Let the Example be of a South Plain declining Eaſtward 
30 deg. in the Latitude of 8o deg. 


Irſt, Draw a Line A R for the Meridian and Hour-line 
of 12, and thiough the Centre A draw the Horizon- 
tal Line C A perpendicular thereunto. 

Secondly, Lay the Centre of the Trigon to the Centre of 
the Dial,ſo that the Line of Sinces may be upon the Line 
A B, and the Line of Tangents upon A C, then againſt the 
Radius or Sine of go deg. make the mark B,and againſtthe 
Co-Sine of the Plains Declination 3o deg. make the mark 
12; alſo, againſt the Co-Tangent of the Latitude make the 
mark or point C, and draw the line C D parallel to A B, 
and the line B D parallel to C A. 

Thirdly, Lay the Centre of the Trigon to C, and the line 
of Sines upon CB, and againſt the Sine of the Plains declina- 
tion Zo deg. make the point G, and make BR equal to CG, 
then draw the Line R G,cutting the line B D in E, ſo ſhall 
AE being drawn be the Subſtile, and A G the Hour-line 
of 6. 

Fourthly, Take in your Compaſles the diſtance A 12,and 
ſet the ſame from G to P, and from R to T (thoſe Lines 
being extended) then draw the line T P, cutting the Line 
D B extended in O, and upon E ere the perpendicular 
E F equal to E O, and draw A F for the Stile of the 


Dial 
T 2 Fifthly, 


=, 
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Fifthly, Lay the Centre of the 
Trigon to the Centre of the Dial, and 
the line of Sines upon A C, and a- 
gainſt the Co-Sine of the Latitude 
Io deg. make the mark H, and draw 
theline H M parallel to A B, cutting 
the Hour-line of 6 in 6, make A 6 a- 
bove,equal to A 6 below the Centre, 
and draw the lines 12, 6. and 12,6--- 
Divide them into two equal parts at 
the points 9g and 3, and applying the 
line of hours on your Trigon to them, 
you may prick down the hours, halfs 
and quarters, as hath been already 


preſcribed. 


Thus have you the manner of 
pricking down the Hour-lines 
upon Opright Declining Plains 
in any Latirude, and that in all 
caſcs. It reſteth now that we ſa 
ſomething of Declining Rech. 
ming Plains, and the beſt way 
for them in this calc, 1s to refer 
them to a new Latitude, and a 
new Declination, whercin the 
would become Upright Dech- 


Plains. And how to find this New Latitude, and 
New Declination, ſhall be the work of the next 


Chapter. 
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CHAP. IV. 


The Declination and Reclination of a Plain in a known 
Latitude being giver, to find in what Latitude the ſaid Re- 
clining Declining Plain ſhall be az Upright Plain, and 
alſo, what Declination the ſame ſhall have in that New La- 
titude, and how much the Meridian aſcends above, or 


deſcends below the Horizontal Line of the Plain, and 
which ways. 


Sy ca a Plain in the Latitude of Londor, 5 1 deg. 32 m. 
ſhould decline Northerly 6o deg. and Recline alfo 
54 deg. (ſuch a Plain is the laſt Example of North Recli- 
ning Declining Plains, in the Firſt Part of this Book.) Aud 
it were required to find, 
I. In what Latitude that would be an Upright Plain. 
And, 
2. What Declination itſhall have in that new Latitude. 
- * And, 
3. How much the Meridian is clevatedordeprefled above 
or below the Horizontal Line. 


Section I. 
To find the New Latitxde. 


EF: Deaw a Right-lineB A; and atthe ent! thereof A, 
raiſe a perpendicular A C. : 

Secondly, Lay the Centre of the Trigon to the point A, 
ſo that the Line of Sines may lie upon the Line A C, and 
the Line of Tangents upon A B, Then, 

Thirdly, Make a —— againſt the Co-Sinc of the Plains 
Declination 3o deg.as D, and another mark againlt —_ 

1s, 
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dius or Tangent of 45 as at B— Then turning the Cen- 
tre of the Trigon to B, lay the Tangent line uponB A, and 
make a mark againſt the Co-tangent of the Plains Reclina- 
tion 365 deg.as at E. 

Fourthly, Draw the line D B, and apply the Centre of 
the Trigon to E, (o that the Line of Sines may he upon 
- EA: Then will the line 
D B lie under the Tan- 
gent of 19 deg. 58 min. 
This Tangent of 19 deg. 
53 min. you mult com- 
pare with the Comple- 
ment of your old Lati- 
tude 38 deg. 28 min. 1n 
North Reclining Plains 
(as in this Example)and 

take their difference, which is 18 deg. 3o min. And that 

is the new Latitude. 

And here note, that if the Tangent E F before found 
prove to be equal to the Complement of yourold La- 
titude, then will your Plain, be a Polar Declining 
Plain. Burt again, 

In South Reclining Plains, you muſt compare the Tan- 
gent E F with your Latitude, and find their diffe- 
rence, the Complement of which difference ſhall be 
your new Latitude. 

: And Note farther, That (in South Recliners,) 

If the Tangent E F be leſs than your old Latitude, the 

contrary Pole is elevated ; and if it be equal to 


your Old Latitude, then it is an Aquinoctial 
Plain. 


Setion 
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Section IL 
To find the New Declinations. 


| gs draw a Right Line A B, and upon the point B 
erect the perpendicular B C, 

Secondly, Lay the Centre of the Trigon to the Point B, 
ſo that the Line of Sines may lie upon B C, and the Line 
of Tangents upon A B,then make a mark againſt the Tan- 
gent of 45 deg. (or the Radius) as at A, and another a- 
_ the Co-Sine of the Reclination 36 deg. asat D, and 

raw the Line A D. 
Thirdly, Lay the Centre of the Tyjgon upon A, and the 
Line of Sines upon the line A B, and make a mark againſt 
F the Sine of /the Old 
.C Declination//G60 deg.) 
i EI 
d / TE 
, Fourthly, Lay the 
| Centre of the Trigor 
: to E, and the Tangent 
line npon AE, ſo ſhalt 
: | thg/line A D lie juſt 
0 | under the Sine of 3o d. 
Ces | 38 min. in the Trigon, 
\ E B at the point F, and 
this 3o deg. 38 min. is the new Declination. 

And here note, that this new Declination thus found, 

is always to the ſame Coaſt, Eaſtward or Weltward 


with the old, but always lels in quantity. 


Seftion 
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To find the 


% 


n 


Q 
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Se&tion UL 


Angle that the Meridian makes with the Horizon- 
tal Line of the Plain. 


# 
by <<< ORIG g0T DOD Dr DIRDUUEREDTTT 


B 


ft, Draw the two Lines A B, and A C, making a right- 
angle at A. 


Secondly, Lay the 
Centre of the Trigon 
to A, and the Tangent 
Line upon AC, and 
make a mark againſt 
the Tangent of the old 
Declination 60 deg. at 
D, and another againſt 
the Sine of go deg. 
and draw the Line D. 

Thirdly, Lay the 
Centre of the Trigon 
upon B, and the Sines 
upon the Line B A, 
making a mark againſt 
the Sine of the Recli- 
nation 54 deg, at E, 

Fourthly, Lay the 
Centre of the Trigon 
toE, and the Sines 
upon E B, then will 
the Line B D, lie juſt 
under the Tangent of 
54 deg. 29 min. which 


is the Complement of 35 d. 31 m. and an Angle of that quan- 
tity doth the Meridian make with the Horizon. 
By theſe Three Sections of this Chapter, you have 


reduced 
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reduced your North Plain, in the Latitude of 51 deg. 
32 min. | 


Reclining 54 deg. oo min. And 
Declining 60 deg. co. min. 


iy ag Upright Declining Plain in another Latitude, 
VI, 10 


| deg. min 
North Plain Declining Weſt 30 38 
In the Latitude cf 18 30 


So that if by the Precepts delivered m the Third Chapter 
of this Part, and by thc Second Section thereof, becauſe the 
Latitude is but ſmal!, you ſhail have a true Dial for ſuch a 
Plain, as declines an! 1cclines the quantities above mentio- 
ned in the Latitude of 5x deg. 32 min. Which Dial be- 
ing truly drawn, and applied to the Reclining Plain, the 
Meridian making ſuch an Angle as was found by the Third 
Section of this Chapter, 27z. 35 deg. 31 min. and placed 
towards the right Coaſt (as ſhall be ſhewed in the next 
Chapter) your work is finiſhed, the Precepts heredeliver- 


ed bcing general. 


— — 


CHAP.V. 


Sewing whether the Meridian I ine of the Plain aſcends al ove, 
or deſcends below the Horizontal Line of the Plain, and t9- 


words what Coaſt. 


He Third Section of the 1:7} Chapt-r gave you the 
quantity of this Angle, 1 io: the polition of the 


Meridian linc,obſcrve theſe ge 14) 1s HLLOwINg, oi. 
V/ n 
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above g That end of the Hori- 
[ Leſs than FEqunoi- zontal Line, which lies 
Gal, thc Meridian contrary to the coaſt 
muſt be drawn. of the Plains Declina- 
Noti In- bclow.. tion. 
Rh clincrs. & 

South Re- bclow - That end of the Hori- 
clincrs. | More than AFEquinc- zontal Line, which lies 
Gial, the Meridian the ſame way with thc 
1 muſt be drawn. coaſt of the Plains De- 

4 above. clination. 
: 1 Cabove That cd of the Hari- 


:ontal Line that looks 
the ſame way with the 
Coaſt of the Plains De- 
clination ---- And this 
Meridian thus drawn in 
| Narth Recliners, repre- 
| ! below | ſents 12 at midnight. 


[cls than a Polar 
't the Meridian mult< Q 
. | be drawn. 


Equal to a Polar, the Meridian muſt be drawn bc- 
North Re- | low the Horizontal Line at that end which is 
I cliners. | contrary to the Coalt of Peclination, and the 


South In. | Six of Clock Hour-Line is always the Sub- 
clincrs, ſtile. 


"blow TAnd from that nd of 
the Horizontal Line , 
which lics contrary to 
the Coaſt of the Plains 


Morc than a Po- 


lar the Meridian 5 Declination ---- And in 

} muſt be drawn, South Incliners it is 

only Afcerviccable ta 

| help to draw the reſt 
Labove Lot the Dial. 


\n 


Your Dial being drawn by the Precepts delivered in the third Chap- 
tex of this Part, according to its new Latitude and ucw Declination, 
and the ſituation of the Meridian Line from the Horizontal linc, difco- 
vercd by this Chapter, you may now procced to 


The 
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The Placing of the Dial upon the Plain. 


Which to perform, having by thedireftions given, drawn 
an Horizontal line upon your Plain,fet off ſo many degrees 
(dy helpof your Line of Chords)as the diſtance of the Me- 
ridian from the Horizon is found to be, and to the ſame 
Coalt, and there draw the Meridian Line. Having ſo done, 
apply your Paper-draught to your Plain, and lay the Meri- 
dian Linethereof upon Cor parallel to) the Meridian Line 
upon your Plain,and hercin be caretul that the Stile of your 
Paper-draught (or rather atrue pattern thereof cut out in 
Palt-board or Paper) being placed upon the Subſtilar do 
diretly behold or point towardsthe Elevated pole ; which 
conſideration being had, you may ealily transfer the reſt 
of the Hour-lines from your Paper to your Plain,and put no 
more thereon than are neceſſary, 


CHAP. VI. 
How to deal with Eaſt and Weſt Reclining and Inclining Plains, 


Heſe alſo muſt be referred toa new Latitude,and new 
declination, which are eaſily attained; the new Lati- 
tude being always the Complement of your own Latitude, 
and the new Declination in that Latitude, is the Comple- 
ment of their Reclination. Theſe being known, you mayde- 
fcribethe Dial according to the Rules of the Third Chapter. 
The Meridian Line 1n all theſe Dials,is the ſanie with the 
Horizontal Line, and fo hath no elevation or depreffion. 


CHAP. VIL 
Of North and Sonth Reclining and Inclining Plains. 


We the Reclination or Inclination of any of theſe 
Plains is known, there is nothing elſe required be- 
fore the drawing of the Dlal, but the Elevation of the Pole 
above the Plain, which how to find is plainly taught in the 
Fourth and Fifth SeCtions of the following Part, and then 
the Dials are made as Vertical or Horizontal Dials for _ 

V 2 atl- 
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place. 


Concluſzon. 


Shall conclude this Third Part with theſe two General! 

and Neccflary Rules, teaching, 

I. To know which way the Subſtilar-line of any Dial muſt 
ſtand from the Vertical line of the ſame Plain. And, 

2. How to order your work inthe Southern Hemiſphere, 


For the Firſt, 
Upon all Plains whereon the 


South Polc 


| —— AY 


_ 
North Pole 
hrontrm—s G : 
is clcvatcd, the Sirbitilar mult 

lie from tc 


-— 


_—  — 0 - —— 


towards the full 
env urngec 


North South 


For the Second. 


All the Rules,Precepts and Examples given in this Book, 
do ſuppoſe you to be in the Northern Hemiſphere of the 
World; therefore if you ſhould be in the Southern Hemi- 
ſphere, theſe Precepts will ſerve there alſo, by only chang- 
1:z the words North and South one into the other, as tc 
South 1cad North, and for North read South, and ſo Nor- 
tr tor vouthern, and the contrary, 


The 


Latitudes, and ſo no more need be ſaid of them in this 


"O% 7 "+4 
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The ART of 


DIALLING, 


ARITHMETICALLY 


PERFORMED, 
By the CANONS (or TABLES) of Artificial Sines 


and Tuangents. 


—— — ——  — 


PART 1V. 


The Arenment. 


Heras the Two foregoing Ceometrical Ways, and 

\ \/ the Third Inſfrumertil Way of delineating or 
making of Sur-Dials, may be rejected by ſome, 

and a more accurate pertormance of the ſame rc- 

quired by others, I thought good (to make this Treatiſe 
the more compleat, which for a Ceometrical Way is alrca- 
dy perfect enough) to add the Canons, Analogies or Propor- 
tions, by which the ſeveral Requiſttes in all Plains may be 
Arithmetically attained, by help of the Cmons or Tables 
of Artificial Sizes and Tangents (then by which there can 
no exacter way.) Which Tables are alrcady in every mans 
hands, and the general uſe of them no les common + where- 
fore I ſhall ay nothing of that in this place, but proceed 
to the finding the forementioned Regquiſites, as tolloweth. 


And, 
Section 


Arithmetical Dialling, 
Section I. 


Of (Vertical or) Horizontal Plains. 


N theſe Plains there is nothing required but the Height of 
the Fole above the Plain, which, in all Places, is equal to 
the Latitude of the Place, for which the Dial 1s tobe made. 


Section TI TI. 
Of North and South Erect Direct Plains. 


N theſe Plains alſo there is nothing required but The 
keight of the Pole above the Plain, which 1n all places is 
equal to the Complement of the Latitude of the Place, 
Wherefore, Sub{tradt the Latitude of the Place, for which 
your Dal 15 to be made from go deg. and the Remainder is 
the height of the Pole above the South or North Erect 
Direct Flain. 


deg. min 
From 90 ©O©O 
Subſtract Latitude gs a 
There remains a 


Which 1s the height of the the Pole abovea Dircct North 
or South plain in the Latitude of 51 deg. 32 mir. 


— —— OO — — — 


Seaion TI I I. 


Of North and South Erect Declining Plazns. 


BY in Erect Declining Plains, (befides the Latitude of 
the place, and the Declination of the Plain) thereare 
three 
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three things requilite to be found, before youdraw the Di- 
al, and they are, 
I. The height of the Stile (or Pole) above the Plain. 
2. The _—_— of the Subſtile from the Meridian. 
3. The Flains difference of Longitude. 
Example, In the Declining plain in Chapter 8. whoſe 
Declination was 24 deg. 20 min. in the Latitude of 


51 =P 32 min. 
e 


1. For the height of the Pole above the Plain. 
As the Radius 9o deg, I0.CCOOCO 
Is to the Co-(ineof the Latitude 38 deg. — 
23 min. 9. 793931 


Soisthe Co-Sine of the Declination 65 d. 40 m. 9.955596 
To the Sine of 34 deg. 33 min. 19.7 53427 
Which 34 deg. 33 min. is the height of the Pole 
above the Plain. 

2. For the diſtance of the Subſtile from the Meridian. 
As the Sine of 90 10. 000000 
Is to the Sine of the plains Declination — 
24 deg. 20 min, ; 9.616059 
So isthe Co-tangentof the Latitude 33d. 23 m. 9.900086 


To the Tangent of 18 deg. 10 min. 19.516145 
Which 18 dep. 10 min. is the diltance of the Subſtile 
from the Meridian. ; 
3. For the Pliins difference of Longitude. 
As the Co-Sine of the Latitude 38 deg. 28 m. 9.793831 


Is to the Radius go deg. 10 COOCOO 
So is the Sine of the diſtance of the Subſtile 19.493851 
from the Meridian 18 deg. 10 mig. C — 
To the Sine of 30 deg. oo min. 9.6699201 
Which 30 deg oo min. is the Plains ditference of 
Longitude. 


SeMon 
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Seion I V. 


Of South Direct Reclining Plains. 


N theſe: Plains, (the Latitude of the place, and the Re- 
| clination of the Plain being given) there 1s only requi- 
red Tie Heieht of the Pole above the Plain: In which there 
are Three Caſes, in all which you may find the Stiles height, 
as followeth : 

1. If the Reclination of the plain be leſs than the Com- 
plement of the Latitude of the place, ſubſtract the 
Reclination out of the Complement of the Latitude, 
arid the remainer will be the height of the pole or 
Stile above the Reclining plain. But, 

2, If the Reclination of the plain be more than the 
Complement of the Latitude, ſubſtract the Comple- 
ment of the Latitude from the Reclivation, and the 
Remainder ſhall be the Elevation cf the pole above 
the Plain. 

3. If the Reclination be equal to the Complement of 
the Latitude, the pole hath no Elevation over ſuch a 
plain, but is an /£quinoCtial plain, and muſt be made 
by the Rules delivered in the Twelfth Chapter of the 
Firſt Part of this Book. 


deg. min. 
Latitude'51 deg. 32 min. Comple. 28 as 
- Cul Reclination 29 360 


OO ——— ———— 


'Height of the pole above the Plain 16 18 


Reclination 62 23 
2 Ole Latitude 51 deg. 32 min. Comp. 38 28 


—c 


Height of the pole above the plain 23 55 


Section 


FRI E- , _ 
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Section V. 


Of North Dire& Reclining Plains. 


N theſe Plains alſo (the Latitude and Reclination being 
given)there is only required The Height of the Pole above 
the Plain. 
To find this, 
1. Add the Complement of the Latitude to the Recli- 
nation, and the ſum of them is the height of the Pole above 
the Reclining plain. 


deg. min. 
Latitude 51 deg. 32 min. Compl. 338 28 
Reclination 27 29 


Height of the Pole above the Plain. 65 40 
2. But if this Sum excced go deg. then ſubſtract .it from 


180 deg. and the remainder ſhall be the height of the Pole 
above the Plain. 


deg. min. 

Latitude 51 deg. 32 min, Complent 338 28 
Reclination 70 42 
{\um. 109 109 

Which ſubſtraCt from 180 oo 
There remains 70 50 


Which 70 deg. 50 min. is the height of the Pole above 


che Plain. 

3. If the ſum of the Complement of the Latitude, and 
the Reclination added together do make juſt go deg. then 
that plain is a Polar Plain, and the Dial for ſuch a Plain 
muſt be made in all reſpedts as is direted in the 16, Chap- 
ter of the Fixſt Part of this Book. 


RX Section 


Arithmetical Dialling, 
Section V. I. 


Of Eaſt and Weſt Direct Reclining Plans. 


N Eaſt and Weſt Reclining Plains (the Latitude of the 
place, and Reclination being given) there are required 
the ſame three things as in North and South Erect Decli- 
ners, namely, 
I. The Hetobs of the Pole (or Stile above the Plain. 
2. The diftance of the Subſlile fro the Meridian. 
3. The Plains difference of Longitude. 

Example, Of the Eaſt or Weſt Reclining Plain PartT. 
Chap. 10. whoſe Reclination was 35 deg. 00 min. 
and Latitude 51 deg. 32 min. 

1. For the height of the Pole (or Stile) above the Plain. 


As the Radius 9o deg. 10. 00000 
Is to the Sine of the Latitude 51 deg. 32 min. 9.89347 
So is the Sine of the Reclination 35 deg. 9.75859 
To the Sine of 26 deg. 41 min. 19.65206 


Which 26 deg,41 min. is the height of the Pole above 
the Reclining Plain. 
2. For the diſtance of the Subſtile from the Meridian. 
As the Radius go deg. 10.00000 
Is to the Tangent of the Latitude 514d. 32 m. 10.09991 
So is the Corfine of the Reclination 35 deg, 19.91336 


To the Tangent of 45 deg. 52 min. I0.01327 
Which 45 deg. 52 min. is the Subſtiles diſtance from the 
Meridian. 


3. For the Plains difference of Longitude. 
As the Sine of the Latitude 51 deg. 32 min, 9.89374 


» 


Is 
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Is to the Radius go deg. 10.00000 
So is the Sine of the Subſtiles diſtance 19.85595 

from the Meridan 45 deg. 52. F 

To the Sne of 66 deg. 27 min. 9.96221 


Which 66 deg. 27 min. is the Plains difference ot Lon- 
gitude. 


Section VIE 


Of South ard North Declining Reclining Plains. 


N Declining Plains Reclining (beſides the Latitude of 
| the place, Declination and Reclination of the Plain ; 
which are for moſt part given) there mult four things be 
found before you can draw the Dial, 2:z. 


I. The diſtance of the Merilian and Horizon. 
2. The height of the Po'e or St1'. 

3. The diſtance of the Subſtile ; 9m the Meridian. 
4. The Plains difference of Longitude. 


Of theſe Plains you have in the 20, 21, 22, 23, 24,and 
25. Chapters of the Firit Part Six Varicties, which are 
all that in any caſe may happen, viz. Three of South 
Declining Reclining, and as many of North Decli- 
ning Reclining. I ſhall only inſtance in two of them, 
viz, one of a South Reclining Plain Declining Eaſter- 
ly, and another of a North Reclining Plain Declining 
Weſterly. The Example of the South Recliner ſhall 
be that in the third aud laſt Variety of South Decli- 
ners Reclining, and that is of a South Plain declining 


Eaſterly 30 deg. and Reclining 55 deg. as in Part I, 
hap. 22, 


N 2 I. 
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I. I» South Decliners Reclining. 


I. For the diſtance of the Meridian from the Horizon. 
As the Radius 9o deg. 10.00000 


Is to the Sine of the Reclination 55 deg. 9.91336 
So is the Tangent of the Declination 3o deg. 9.76144 
To the Tangent of 25 deg. 19 min. 19.67480 
Which 25 deg. 19 min. being taken from go deg. leaves 
64 deg. 41 min. the diſtance of the Meridian from 
the Horizon. 
2. For the Height of the Pole (or Stile) above the Plain. 
This will require two Operations 
1. As the Radius go deg. I0.00000 


Is to the Sine of the diſtance of the Me- 9.95615 
ridian from the Horizon 64d. 41 nia. 
Sq is the Co-Sine of the Reclination 35 deg. 9.75859 


—mm—  _ — — 


To the Sine of 31 deg. 14 min. 19.71474 
Which 31 deg. 14. min. being leſs than the Latitude 
51 deg. 32 min. ſubſtract it therefrom, and there will 
remain 20 deg, 18 min. 
Then fay again, 
2. As the Sine of the diſtance of the _ 9.95615 
an from the Horizon 64 deg. 41 min. — 
Is to the Sineof the Arch laſt found 20d. 18m. 9.54025 
Sois the Co-Sine ofthe Declination. 60 deg. 9.93753 


19.47778 

To the Sine of 19 deg. 25 min. 9.52163 

Which 9 deg. 25 min. is the height of the pole or Stile 
above the Þlain, 

Note, That if the Arch found at the firſt of theſe _ 


ons be equal to the Latitude of the place (as there it 
was 
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was leſſer, viz. but 31 deg. 14 min.) then the Recli- 
ning Plain had been an ZquinoQial Decliner, and 
muſt be made as by the precepts delivered in the 
20. Chap. of the Firſt Part. 

3. For the diſtance of the Subſtile and Meridian. 
As tothe Co-Tangent of the Declination 60 d. 10.23956 


Is to the Sine firſt found in the laſt pro-? 
portion, iz. 31 deg. 14 min. [ 9.71477 

So is the Tangent of the height of the Pole”, 9.54714 
* above the plain 19 deg. 25 min. F: —mnmnmrnens 
19.2619E 


To the Sine of 6 deg. 2 min. 9.02335 
Which 6 deg. 2 min. is the diſtance of the Subſtile from 
the Meridian. 
4. For the Plains — gy of Longitudc. 
As the Sine of the difference of the Arch} 


firſt. found, and the Latitude of the > 9.54015 
place, viz. 20 deg. 18 min. } 
Is to the Radius go deg. 10.00000 
So is the Sine of the Subſtiles diltance} 19.0233 
from the Meridian 6 deg. 2 min. ©? — 
Ta the Sine of 17 deg. 38 min. 9.4832% 
Which 17 deg. 38 min. is the plains ditterence of Lon- 
gitude. 


I. Iz North Decliners Reclining. 


Ln all theſe Plains (as well as in South Recliners) four 
things muſt be found (beſides the Latitude of the place, 
and the Reclination of the Plain, which arc commonly 
given, before the Dial can be drawn,and thole are the ſ:yne 
as 11 South Recliners, viz. 


I. The diſtance of the Meridian from the Florizon. 


2, The height of the Pole or Stile above the Plain, - $S 
| 3. The 
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3. The diſtance of the Subſtile from the Meridian. 


4. T'e Plams difference of Longituae. 
All theſe may be fo::11d by the following Canors or 
Analogies. And tor an Example, I ſhall make uſe 
of the North Plain Declining Weſterly 60 deg. 


and Reclining 54 deg. as in the laſt Example of 


North Recliners, Part I. Chap. 25. 
1. For the diftance of the Meridian from the Horizon. 
As the Radius go deg, 10.00000 
Is to the Sine of the Reclination 54 deg. 9 90795 
So is the Tangent of the Declination 60deg. 10.23856 
To the Tangent of 54 dep. 29 min. I0.14651 
Which 54 deg. 29 min. being taken from go deg. leaves 
25 deg. 31 min. And that is the diſtance of the Me- 
ridian from the Horizon. 
2. For the height of the Pole (or Stile) above the Plain. 
This alſo will require two Operations. 
1. As the Sine of the D<ciination 60 deg. 9. 93753 


— 


Is to the Radius go deg. Y I10.COOOO 


So is the Co-Sine of the diſtance of the 3 1991059 
ridian from the Horizon 54 d. 29 m. | 
To the Sine of 70 deg. 2 min. 9.97306 

To this Sine of 70 deg. 2 min. add the Complement of 

the Latitude 38 deg. 28 min. the ſum will be 108 d. 

30 min. and this Arch (being above go deg.) take it 
from 180 deg. ſo will there remain 71 deg. 3o min. 

2. As theSine of the Arch firſt found 7o d. 2 m. 9.97306 


——  —— 


Is to the Sine of the Reclination 54d. o min. 9.90796 
Sois the Sine of the Arch laſt found 71d, 3o min. 9.07695 
| 19.88491 

To the Sine of 54 deg. 43 min. 9.91185; 
Which 
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Which 54 deg. 43 min. is the height of the Pole or Stile 
above the Plain. 

Note, That if the Arch firſt found, viz. 70 deg. 2 min. 
had been juſt go deg. the plain then had been a po- 
lar declining Plain, the Subſtile and the hour of ſix 
being the fame, an: muſt be made by the Precepts 
delivered in Part I. Chapter 23. 

3. For the diſtance of the Subſtile and Meridian. 

As the Tangent of the Reclination 54 deg. 10.13374 


, CCS 


Is to the Sine of the Arch firſt found? 


Viz. 54 deg. 29 min. E 9-91059 

So is the Tangent of the height of the I0.15021 
pole above the plain 54 d. 43 min. — 

20.06080 

To the Sine of 56 deg, 42 min. 9.92296 


Which 56 deg. 42 min.or rather the Complement there- 
of to 180 dep. wiz. 123 deg. 18 min. 1s the diſtance 
of the Subſtile from the Meridian, according as you 
pleaſe to account it, cither from the North, or from 
the South. 

4. For the Plains difference of Longitude. 

As the Sine of the height of the pole above? 9.9118 

the plain 54 deg. 43 min. i 

Is to the Tangent of the diſtance of the Sub-? 


— 
 — TC I 


ſtile and Meridian 56 deg. 42 min. J 10.18251 
So is the Radius YO deg. I 0.00000 
To the Tangent of 61 deg. 48 min. 19.27067 


Which 61 deg. 48 min. is the plains difference of Longt- 
tude counted from the North, or the Complement 
thereof to 180 deg. viz. 118 deg. 12 min. is the ſame 
ditterence of Longitude counted from the South. 


Section. 
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Section VTIIL 


Of the Hour Diſtances »porx the Plains. 


[therto you have in a genera], plain, and eafie Me- 

thod (and of all others the moſt cxa@) delivered, 

the manner how to calculate the requilites belonging to all 

ſorts of Plains whether Dirc&, Reclining, Declining,or both. 

It reſteth now, to find the true hour diſtances one from a- 

notherupon any of theſe Plains, and for that (for all Dials 

which have Centres) there is only one general Analogy or 

Proportion, and that is this. Having found the Plains dif- 
ference of Longitude ;, fay, 

As the Radius or Sine of go deg. 

Is to the Sine of the height of the Pole or Stileabove 
the Plain. 

So is the Tangent of each hours diſtance(upon the AXqui- 

nottial) from the Subſtile, 
To the Tangent of the ſame hours diſtance upon the 
plain counted for the Subſtile. 

Now, (becauſe Examples do more confirm than barely 
Precepts) I ſhall by Preſident or Example make plain all 
that hath hitherto been delivered, and one ſhall ſerve in- 
ſtead of many, and that ſhall be in an Uprightor Ere& De- 
clining plain, (which of all Dials are the moſt commonand 
uſcful. ) Suppoſe therefore, 


In Latitude 52 deg. 40 min. 4» Ere@ Plain beholding the 
South, to decline Weſtward 24 degrees, 


The Arithmetical Calculation. 


By the Rules delivered in the III. Seior of theſe Pre- 
| cepts, you ſhall find, 


I. The 
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T1. The height of the Pole (or Stile) above the Plain to be 
33 deg. 38 min, 
2. The diſtance of the Subſlile from the Meridian to be 
17 deg. 14 min. And, 

3. The Plains difference of Longitude to be 29 deg. 15 min. 

Theſe Requilites being thus attained,the next thing is to 
find the hour diſtances npon the Plain,which may be done 
by the laft foregoing Analogy. 

But firſt, you are to conlider the quantity of the Plains 
difference of Longitude, which here, in this Example, is 
found to be 29 dep. 15 min. And becaule every hours 
diſtance upon the Equinottial is 15 deg. diſtance from the 
Subſtile, or Meridian of the Plain; fo 2 hours 1s 3o deg. 
diſtance, and 3 hours is 45 deg. diſtance : This Plains dit- 
ference of Longitude being above 15 deg. _ 1s one 
hours diſtance) and leſs than 3o deg. (which is two hours 
—_ the Subſtile (the plain declining Weſterly) muſt 
needs fall between the hours of 1 and 2 in the Aﬀeer- 
noon. Wherefore ſubſtra&t 15-deg. (1 hours diſtance) 
from 29 deg. 15 min. and there will remain 14 deg. 15 m. 
the EquinoGtial diſtance of 1 a clock from the Subſtile. Alſo 
from 3o deg. (whichistwo hours diſtance) ſubſtratt 29 deg. 
I5 m. and theremainer will be oo deg. 15 min. for the Equi- 
noQial diſtance of 2 a clock from the Subſtile. Having 
found the EquinoGtial diſtances of the two next hour-lines 
on either ſide of the Subſtile (as of 1 and 2) the reſt arc ea- 
ſily found by the continual addition of 15 deg. and fo isthe 
Column of the Fquinoctial diſtances in the following Table 
made. Being thus prepared,the true hour diſtancesfrom the 
Subſtile upon the Plain may eaſily be attained by the fore- 
going Analogy. 1 will inſtance in one hours diſtance for all, 
and give you the reſt in a Table: As, 


Let it be required to find the diſtance of one a Clock upon the 
Plain from the Subſtite, Say, 


Y As 
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As the Sine of 9go deg. ' TO00000 


WI un rm rn onn——— 


Is to the Sine of the height of the Stile ! 


33 deg. 33 min. : 9-7 4341 

So is the Tangent of the Equinochial diſtance? 5.40478 
of one a clock, viz. 14 deg. 15 min. Y 

To the Tangent of 3 deg o min. 19.14819 


Which 2 deg. o min. 1s the diltance of the one a clock 
hour-jine upon the Plain trom the Subſtile. And in 
the ſame manner may you tind the diſtance of 2 a 
Clock to be o deg. 25 min. Of 3 a clock 8 deg. 53m. 
Of 4 a Clock 183 deg. 14 min. and ſo the reſt, as in 
the following Table for cvety whole hour. And if 
you deſire halfs and quarters of hours, you mult in- 
ſert them in the Column of Equinoctial diſtances, al- 
lowing 7 deg. 3o min. for hait an hour, and 3 deg. 
45 min. for a quarter,and ſo 15 deg. tor a whole hour. 


HoursEquinoctial True hour 


| diſtances | diſtances _ 
pes” = 3 nt. deg. min. 
'VIIT 89g 1588 39 
IX 74 15 63 I 
X 59 1542 57 
Xl 44 1528 21 
Xll 2 15107 14 
I © ; 
abſt E————;Sbſtile 
Il |15 45] 8 3 
IV 130 45:18 I4 
V 145 45.29 37 
VI j6o 4544 ', oe 
Ms 173... 4308.4. 


Thus 
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Thus have you the Arithmetical Calculation of the 
whole Dial; it remains now to ſhew how theſe hour-lines 


arc to be transferred from the Table tothe Dial-plain,waich 
1s to be done as followeth, 


The Geometrical Projedjon. 


Firſt, (Upon your Dial-plain) draw an Horizontal-l'ne 
AB, and perpendicular thercunto another line C D,for the 
Meridian and Hour-line of 12. 

Secondly, T ake 69 deg. out of your linc of Chords, and 
ſctting one foot in C, witi the other defcribe the Semicir- 
cleEF G. 

Thirdly, Becauſe the- diſtance of the Subſtile Frank the 
Meridian was found to be 17 deg. 14 min. take 17 d. 14 m. 
from your Line of Chords, and fet them upon the Se- 
micircle.from F to H, and draw the Line CH for the Sub- 
ſtile. 


South Declining IWeſt 24 degrees, Latitude 52 deg. 40 min. 


—— - - 


Em 


| 
dn, 
1-0 


Bo A | 
( 


a Wo 


xXx O0M__ 
Y 2 Fourthl, 
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Fourthl;, The height of the Stile being 33 deg. 3 8 min 
ſet that diſtance upon the Semicircle from H to K, and draw 
the Line C K for the Stile., 

Fifihly, (Having recourſe toyour Table) take 18 deg, 
39 min. out of your Line of Chords, and ſet them upon 
the Semicircle from H to 8, and draw the line C8 for the 
Hour-line of 8 of the Clock. 


deg. min 
"63 B 9 3 4 ** g YJ 
42 57| IO C 10| 
18 21 |andct the, 11 C11] & 
117 14|fameupon | 12 + 7 C 12 = 
Z iftl;, From| 8 © ithe Scmi-| 1 hr IC x | © 
your line oft © 25 yciucle up-5 2 9 C2 > : 
Chords, take | 8 $53] on the | 3 7  ;,_ | S 
: 13 14|Plainfromſ4 | ]|C4 | = 
29 37]H,to fs C5 | 3 
44 41 6 | | C 6 3-” 
65 22, F, 1 \C 7 4 


Thus is your Dial finiſhed, only. the Stile,, which omſt be 
ſ{t to hang perpendicularly over the Subſtile, making an 
Angle at the Centre of the Plain of 33 deg. 38 min. cqual 
to the height of the Stile. . | 

And thus have you an Abſtra&t of The whale Art of Dial- 

ling, after the moſt cxa&t and compendious way of 
performance; others may be more: expeditious, but 
None more exact- 


Section IX. 


| will-be to.ſittle purpoſe to be thus curious m finding 
of the true Poſitions of the Meridian, Stile, Subſtile and 
Hpur-diſtances ir all Plains , as in the foregoing Precepts 
4 i delivered, unleſs alſo we be as ſevere or [trict un finding 

as 


att women 


Ss 
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of t he Site or Poſition of the Plain, upon which the Dial 
is to be made. For what will it ſignifie to make the Dial 
true, and place it ina wrong Poſition ? You are in the 
Geometrical Part of this Book taught how to find the De- 
clination of any Plain, and for the finding of it, to attain 
the true Azimuth of tne Sun is the chit Ingredient, and 
how to perform that Gcomctiically, is there taught two 
ways. But that the like exattnefs may be 1n rhe performance 
of this allo, I (hall in this place (b<tore I end) exhibit the 
manner of tinding the Sun's Azimath at any timc,and inany 
place, by Arithmetical Calculation. 

Example, In the Laiitude of 51 deg. 32 min. the Sun 
having 17 deg. 55 min. of North Declination, and his 
Altitude 35 deg. Let it be required to tind his Az+ 
muth, 

Firſt, Add the Complement of the Latitude, the Con- 
plement of the D<clination, and the Complement of the 
Sans Altitude all into one Sum,and take the halt thereof, 
from. which half Sum ſubftratt the Complement of the De- 
clination, and note the difference as here is done. 

deg. min. deg. min. 


Lande yt 322 38 28 
Declination 17 566 Complemcnr y; 04 
Alteitude 35 oc 


- 
Y 


ſumm 165 Z32 


halt lum 882 45S 


The difference between the half ſumm and wo 
the Complement of the D<clination. : a 
Then will the proportion be 
(1.) As the Radius go deg. 10 coO00C 


Is to the Cu-ſine of the Altitude 55 deg. 9.91336: 
$o is the Co-line of the Latitude 38.d, 22m, y.79383 


To the Sine of 30 deg. 35. min. 19.7071; 


C'CD—_  c  —— 


(2.) Ns 
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(2.) As the Sine of 3o deg. 32 min. 9 70719 

Is to the Sine of the halt ſum 824. 46 m. 9.99653 

So 15 theSine of theditterence 10 d. 42 min. 9.26873 

19.26526 

To this Sine 9.55807 

Fro which add the Radius or Sine of 99 d. 19.00000 

The Sum 1s 1y.552c7 

The half Sum 9 77903 

Which 1s the Sine of 35 deg. 53 min. the Complement 

whercot is 53 deg. 2 min. and that doubled 1s 106 d. 4. m. 

which 1s the Suns Azimuth from the North part of the Mc- 

ridian, which it you take from 189 deg. there will remain 

73 dep. 56 min. which is the Azimuth from the South. 

And thus may you find the Sun's Azimmih molt cxactly at 
any time. 


POSISCUCKRIFTI. 


N the foregoing Treatiſe, zen have Four ſeveral ways of 

making all manner of Plain Sun Dials, viz. Two Geome- 
trical, one [nſlrumental, and a Fourth performed by Arith- 
metical Calculation: It might here be expefed, that I ſhould 
now ſhew how to adorn and beautifie theſe Dials with various 
Furniture relating to the Sun's Conrſe I having done ſome- 
thing (long ſince) of that Nature in another place: And to 
treat of them here, would have much enhaunced the Price of 
the Book the Engraving and Printing Copper Schemes being e- 
ry Chargeable : But to ſatisfie ſuch as are delighted with Cu- 
rioſaties of this Nature, the Author hereof, hath now in the 
Preſs, a Book in Folio Emtituled, 


AD- 


ADVERTISEMENT. 


DIALLING, Plain, Concave, Convex, Projcttive, 
Retl-Ctive, Retractive 3 And how to Alorn them with all 


Uſeful FURNITURE. 


Lain Diailize, To Project the Sphere iz Plano 
upon the Plain of the tlorizon, ſuitable to any 
Latitude; and from thence to draw the Hour- 
Iinv, Sie and Subtle, proper to any Plain, in 
their Places and Poſitions ---- And alio upon the Prnje- 
(tion, to (hcw the (everal Sphorical Triangles, trom which 
all che Requilites belonging to any [Dal are to be Calcyus 

lated : And how to Calculate the ſame. 

I. Geometrical Dialling, To hind the Place of the Me- 
ridian, Subſtile, S.ile, cc. upon any Dv4l-Plain, (everal 
ways are demonltratc(, 

II. Geometrically to d-{cribe the Parallels of the Sun's 
Courſe, The 4zimuths, Ailmicanters, Babyloniſh, Italian, 
Jewiſh Hrs, Circles of Pojtion, Sc. Upon all Dial-Plains, 
by Scale and Compalles only. 

IV. Spherical and C;lindrical Dialling, ſhewing how to 
delcribe Hour-lincs upon Globes, Cylinders, and other 
Regular Solids both Concave and Convex; and to inſert 
on tfiem the Pitattets of the Sizns, Diarnat- Arches, Azt- 
muths, Almicanters, Cc. 

V. Anothcr way to mſcrt the fore-mentioned Parallels 
of the Suns Comte, & c. mio all Dial-Plaius, by help of 
Tablcs Calculited for that purpoſe. 

VI. A ſhort Treatile, dilcyvering what kind of Lines 
Cor Sections of a Cone, rather) the Parallels. of the Sun's 
Courſe, the Azimuths, Almicanters, C*c. t! e Shadow of 
the Apex of the Stilz, doth trace out upon any Dial-Plam, 
whether Straight, Circular, Elliptical, Parabolical, or Hyper- 
olical. VIL. 


I. 


Advertiſement. 


VII. ProjeSive Dialling, Shewing how to Proje& Hour- 
lines and all other Circles, relating to the Courſe of the 
Sun, upon all forts of Plains, whether Regular or Irregu- 
l:r, Concave, Convex, or both z not taking any notice 
of their Situarion, in reſpect of Declination or Indlina- 
tion. 

VIIE. RefleFive Dialling, Oc of Dials by Refldtion, ſhew- 
ing how to refl2& the Sun Beams, and to deferibe Hour- 
lines, &c. upon ſuch Plains, upon which the dire& Beams 
of the Sun can never ſhine, and that ſeveral ways ; the 
Glaſles being placed cither parallel to the Horizon, or ob- 
lique unto it. 

IX. Refradive Dialling, Or of Dials by Refraction 5 
Shewing how to inſcribe Hour-lines and other Circles, ec. 
in the inſide of any Concave Vellcl, Regular or Irregular, 
which ſh.ll ſet themſelves, and give the true Hour of the 
Day, &c. when the Veſlel (hall be quite filled with Wa- 
ter, and part full, and part empty. 

X. The Figure of the Pyramidical Body of Dials (and 
an Account of every Dial about the ſame) which was 
ſet up in July, 1669. in the Kings Majeſties Privy-Garden 
at White- Hall, where (for ſome few months) it remained, 
but now wholly demoliſhed. 


XI. A Miſcellanious Appendix. 


; % 


< 
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| SHEWING 

How by Scale and Compatles to inſcribe fuch Circles of 
the Sphere into Sun-Dial-Plains, that hail ſhew (be- 
ſides the Hour of the Day) the Diurnal Motion of the 
Sun; his Place in the Zodzack ; - the Time trom his}' 
Riſing, and Sctting; the Babylonian, Italian, and Jewiſh 
Hours ; tlic Point ot the Compals upon which the Sun is 
at any time of the Day, and the Proportions of Sha- 
doivs to their Heights. 

ALSO 

A General and Eaſie way to pro;ett Hour-Lines upon all kinds 
of Superficies, without any regard had to their ſtanding, et- 
ther in reſpect of Declination, Reclination, or Inclination. 
AND 

How from a Glaſs H»rizontally placed in the So;l of a Window, 
to rellect Hours upon any Superficies, either Flat, or Curved ; 
one, or many. 
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CHAD. I. 


Of ſuch Circles of the Sphere, as are deſcribed 
s upon Sun-Daals. 


Any Affronomical Coneluſions may be per 
formed by deſcribing of the Circles of the 
Sphere upon Dial-Plains ; of winch I have 
here made choice of thele following : 

r. The Paralels of the Signs, ſhewing in what part 
of the Zodiack the Sun is at all times of the year. 
2. The Diurnal Arches, ſhewing thc length of the day 
and night throughout the year. 
The /Zours from the Sun's Rt ; MT, or Sc etting ; +: Of the 
B. boon and /talian Hours. 
4- The nequal, Jewiſh , or Planitary hours. 
5. The Azimut bs, or Vertical Circles,” ſhewing in what 
quarter of the World, or upon what Point of the Mariners 

Compaſs, the Sun is at all times of the Day. 


A 2 6. The 
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6. The Almicanters, or Circl?s of Altitude? ; whereby 
the Proportion of Shadows to their 0b;e.is, or thc Sws's 
heiz/:t may be known. 

Of rhiicle fome are great Circl2s of tine Sphere, ot!1crs 
ſmal!: The great Circles in all Plains are repreſented by 
/treiz\t lines, as the hour lines themſelves arc: The /effer 
Circles are deſcribed by Conick Seitions; and they are &i- 
ther Parabolas, I1ſyperbolrs, or Ellipſes : Only tlic Paralle!s 
of tie Sizar, and the Diaraal Arches in Polar Diils, and 
the Farallel; of Altitade IN / lorizontal Dias, and pertect 
Circles. 


CHAP. Is. 


low to deferite the FquinoEtial , the two Tropicks, 
asd ather intermediate Parallels of Declination, «pon any 
Dial Plain. 


He two 7ropicks being the Boundarics of the Su,'s 

Courſe, (for he never exceeds thoſe Limits ,) I 

count it beſt, firſt to ſhew how they may be deſcribed ; for 

that betwcen them all other Circles (cirher great or ſmall) 

muſt be projeited, and the manner of defcribing them 
upon feveral Plains 1s various. 

In a Pelar Dial they are perfet Circles, and fo arc ex 
fily deſcribed by Circles drawn about the foot of the per- 
pendicular ffile; in all other Plains they arc Sections of 1 
Cone. 


I. /n the EquinoGtial, and diret Eaſt or Welt Dials. 


a Diat 
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a D;al be:ng drawn as in Figure I. throug! the foot of the 
per; entdiculir ſtile at E, draw a right Line M EN, Parallel 
to the Horizon; for the HHrizm:a! Linz, in all Plains, 
muſt be drawn through the foot of the perpendicular /lile, 
and alſo through the Point where the Fquinoctial Circle 
croſſeth rhe 7/our-Line of Six. Your Dial, with the Fqui- 
ollial Line thereof, HE S, being drawn , come we to 
deſcribe the 7ropicks: To ctfe& which, 

Firſt, Upon a picce of fine Card-Pai/t-Board draw a 
rizpht Line OR, as in Figure I. repreſenting the Fquz- 
notjal Line in your Dial; and (becaule the 7ropicks are 
23 deg. 30 min. diſtant trom the E£qzxinoctial) witii 60 deg, 
of your Cherds, upon the point O, delcribe an Arch of a 
Circle, and upon it {ct 23 deg, 30 min. from R to S, and 
raw the Line OS, repreſenting the two 7ropicks ; ard 
this Angle SO R, I call a 7rigon. 

Secondly, Out of your D:al take the length of the per- 
pendicular Stile E G, and ict it upon the 7rigon from O 
to P, and draw the Linc P 6 perpendicular to OR : Alto 


Take the di-f 7) withthe Equi-Tyy 1 fy 7 i per 
{tance fromG, | 8] noCtial, and 'r = | 8| pen- 
to the Interſe-$ 9 $ſet them upon s - 4s g d>dicu- 
&ion of the | 10| the Trigon .- 1: 10] larto 


En. 1 
Hour-Linc of( 11 trom O, to [' ks © 11; OR. 


Having thus prepared tlie 7rigon, out of it take: the 
diſtance P 6, and ſet it upon the 6 a clock hawr-line, trom 
E toc : -—— Alto take the diſtance q7, and ſet it upon 
your Plain from V to þ, and trom VII to 4: —— Allo take 
rs, and ſet it on your Plain from IV to a, and from VIE 
to e:-— Likewiſe take the diſtance $59, and ſet it upon 
your Plain from IX to f: Allo take the diſtance 10 
t, and {ct it from X to g — Laſtly, take v 11, and ſet it 
on tlic Plain trom XI to -. 


Theſe 


' Geometrical Dialling. 
TheſePoints a, 6, c, d, e, f, g, h, are the Points through 
which the Tropick of Cancer mult be deſcribed ; wherefore, 
if through them a line be drawn with an even hand, ma- 
king no Angles,that ſhall þe the 7ropick of Cancer. 
The Tropick of Capricorn may be deſcribed in the ſame 
manner, for if from your 7rigon you take 


& 


8 iy Vil #* 

| 9 s${ And ſcetit upon your JIX + / 

The diſtance to 7f Dial-Plain trom X mM 
. tr i Xl u 


Thoſe ſhall be the Points tlirough which the Tropick of 
Capricor# muſt be deſcribed; wherctore if through #& / m », 
a line be drawn with an even hand, it ſhall repreſent the 
7 ropick of Capricorn : 


And whereas I faid before, that the two: Tropicks are 
. \ Ws 
the Boundarics of the Sun's Courſe, you are to Note, 


That 
WhenK Capricorn, Decem.11.Jtlhc ſhadow of the 
the J Aries, or( which YJMarch,1o.C top of the Stile will 
Sun JLibri, ( isabout Sept. 12. paſsalong thoſe rc- 
is 10 C{ancer, June, 11. J(pcive Lines. 


And according to this Mcthod may any other intermc- 
diate Parallels of Declination be inſerted ; as for Example : 
Suppoſe-I. would inſert the Parallels of the Sun's entrance in- 
to the 12 Signs, Aries and Libra are inſerted already, allo 


Cancer and Capricorn ; tor the reſt, as when the Sun enters 
into 


Taurus, 
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Taurus, 
Firg, © rhe Sun hath 11deg. 30 min. 


aq | 
Piſces, 
Gemint, { 

eo, LrheSunhath 20 deg.12min. 
Sagtttarins, 

Aquarius, 


of Declination, 


Wherefore take 11 deg. 3o min. and 20 deg. 12 min. 
out of your Line of Chords, and fet them upon Arch R$ 
of your Trizon, from R to V and XN, and draw the two 
Lines O U and O X. 

Theſe Parallels being thus put into your Trigon, they 
may be transferred into the Dzal Plain, 1n all relpedts, as 
the Trepicks were; and as you ec done in the Figure. 


Il. /x a Direct North or South Dial. Figure IIL, 


Having drawn your Dial as 1s taught in Chapter V. to- 
oether with the Szzle, your firſt work muſt be to propor- 
tion your Stile to your Plain ; which to doc, aſſume any 
convenient point in the Sub/tile (here the Line of XII) for 
the farthermoſt 7ropick, as here the Point & ; then the 
Stile's height being 38 deg. 28 min. add 23 deg. 32 min. 
thereto, the Summ 1s 62 deg, and that isthe Meridian Alti- 
tude of the Sun when he centers Caxcer, and the Comple- 
Mment thercot is 28 deg. wheretore, upon the Point Can- 
«er, make an Angle B S A to contain 28 deg. fo ſhall the 
Line gs A cut the Axis of the Stzle OA, in A; then 
trom A lct fall a Perpendicular to Os, as AB; and fo 
!5 your S7ile proportioned to your Plain; and the Line C 
 D, (being drawn Parallel to the /lorizon, through the 
Pont B; ſhall be the F/orizontal Line of the Plain. 


This 
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This done, prepare a Trigon, as FigureIV. in whic!1 
make EF equalto O 4, and F G cqual toOB, and EG, 
to AB, the Triavzle EFG in the Trigon, equal to the 7ri- 
anzis of the Stile O AB in the Dial. 

From the Point E draw a Perpendicular to E F, as E 
12, for the Fquinoftial; and upon E, with 65 dcg, of 
your Chord dclcribe an Arch H 12 L, and upon it {« 2; 
deg. 30 min. from 12 to H and L, 4 crawing the Line 
E H for the 7ropick of Cancer, and EL for the 7ropict of 
C.rpricors : 

Draw the S//ti/ar Line F G quite through the 77470, 
crolling the Equizottial in a, ard both the 7 ropicks. 

Titis done, out of your 7rizon take the diſtance from F 
toa, and ct it upon the Dial plain from the Center O to 
c, through which Point c draw the right Line Y c = for 
the Fquino{ial : Then from O, the Center of vour Dal, 
take the diſtance ro the intertetion of the / /rar-Line of 
110r 1 with the Fquinoftial, and fer that diſtance upon 

the 7rigon from F tob: — Allo take the diſtance iro:n O, 
to the interſection of the Hour-Line of 10 or 2, ani ict it 
from Ftoc: —— Likewiſe the diſtance from O, tothe in- 
terſetion of the Hour-Line of 9 or 3, ſet from Eto 4: 
—— Andlaſtly, the diſtance from O, tothe interſection 
of 8 or 4, with the Fquino?tial, ſet from F to e ; and draw 
the Lines Fa, Fb, Fc, Fd, Fe, through the 7rigon, 
marking them with 12, 11, 1c, 9, 8 and 1, 2, 3, 4, &c. 

Now to find the Points upon the Plain, through which 
the 7ropicks mult pals ; 


12 —_ _ 
111 reach from \ ; Jon tlic\ I2 

Tlic Di IIF7 WI | 8 : 
rar = 2 O, the Center ot Jf —_ | oh 
9Y\the Dial, to )5 INCs © 

ol » Jot 9 3 


Through 


| 
? 
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Through which points the 7ropick of Cancer muſt be 
drawn with an even hand : And, 


I2zWwill reach. 12 12 
The dif YN 1/ trom O:he\ & Jupon theh 1: 1 
ſtance from4 2 > Center of+< {> Hour - lines” ro 2 
F to 4 zCthe Dial, mGof / I 

4-to Cy 0 - 4 


Through which Points the 7ropick of Capricorn muſt 
be drawn. And thus have you the Fquinoctial, and the 
two 7repicks, deſcribed upon a direct South Plain. 


II. 7ow to deſcribe the FquinoCtial, aud the two Tro- 
picks into auy Upright Declining Plain ; or znto ſuch 
as both Recline and Decline. 


Our Example ſhall be in an Zpright Plain, declining 
from the South IWeſtward 30 deg. The making of thelc 
Dials is taught in the VH. and ViII. Chapters of this Book : 
Wherefore, having drawn ſuch a Dial, with the $27/e and 
Subſtile in a due Poſition, you ſhall find the height of the 
Stile to be 32 deg. 36 min. 

Firſt, Make an 7lorizontal Dial for the Latitude of 32 
acg. 36 min. as is the Declining Dial Fig. V, where the 
Subjtilar Line is taken for the Hour-Line of 12, as it 1s 
there marked, and the other Pricked-Lines, and the Hour- 
Lincs of an #/orizontal Dial tor the Latitude of 32 deg. 36 
min. Now, it according to the directions of the torego- 
ing Section, you make a 7 rigon, and infert the Fyuinottial 
and Tropicks; and attcrwards expunge the oblcure Lincs ot 
the /forizontal Dial, the Equinoitial, Tropicks, and Flort- 
zontal Line will be the fame, as if they had been inſerted 
trom the truc Hour-Lines bclonging to the Plain. 


B And 
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And as the 7ropicks were deſcribed, ſo likewiſe may the 
Parallels of the Sun's Entrance into rhe other Signs, 
be inſerted, if into your 7rigon you put the Arches of 
their Declinations from the Equinettial, namely 11 
deg. 30 min. and 20 deg, 12 min. And foare the Pa- 
rallels of the Signs put into this Dial, Fig. V—— 

And in any Dial alſo may the Diurzal Arches be defcri- 
bed, if you put into the 7rigou fuch Declinations as 
= Sun hath from the Equinottial, when the Day is 
ELLNET 


vY S 
8 / \:/ zI 40 
9 Jrs _ J 16 55 
10/ TT \14 x | x1 37 
I \ / T \ FE. 5s 
I2 I2 L OO OO 
And fo are the Diurnal Arches put into the South-Plain, 
repreſented by the Pricked lines there, in Fig, IlI, and the 
Trigen thereunto belonging Fig. IV. 
-- 


——_—__-_, 
— 
a_ — 


CHAP. III. 


How the Hours from the Sun's Riſing and Setting are to be 
inſcribed into all ſorts of Dial-Plains. 


He Hours from Sun-Rifing are called the Babyloniſh 
Hours, for that they begin their Day at the Sun's 
kyjing; and the hours from Sun-Setting are called the /tali- 
an hours, for that in {tally they account their 7mme from 
the Setting of the Sy the day preceding. 
The manner how to inſcribe theſe hours, is the ſame in 
all Plains, and is cafily performed: And becauſe that up- 
on 
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on 2 full South, or Zorizental Plain, they willappear moſt 
unifarm ; I have therefore made choice of a dire Soath 
Dial, as is Fig. III. to inſcribe them : 

Your Dial being drawn, and the Equimottial, Y =, the 
two 7 ropicks,and ® S,and ? '@, and the //orizontal-Line, 
San Riſe, Sun Set; you muſt (by the laſt Chapter ) de- 
ſcribe two obſcure Parallels of Declination, one when the 
Day 1s 8 hours long, as© 8 ©, and the other when the 
Day is 16 hours long, as F 16 F, the Fqzinottial being 
the Parallel when the Day is 12 hours long. 

Being thus far prepared, the inſcription of thefe hours 
will be very caſie ; tor it is plain, that when the day is 
but 8 hours long, that the Swn riſes at 8 in the Morning ; 
and the firſt line after the Sun's Riſing is 9 in the Morning; 
——-Alſo when the day is 12 hours long, the Swr Riſes at 
6 in the Morning, and the firſt hour after is 7 inthe Mor- 
ning; —— Laſtly, When the Day is 16 hours long, the 
Sux riſes at 4 in the Morning, and the next hour after is 
5 in the Morning: And all thereſt as in this Tabtc. 
Wherefore,a ſtreight line drawn 


through the interſections of Length of the Day. 
theſe hour-lines, with the Pa- ——vixxq 
rallels of 8, 12 and 16 hours, —_— 
ſhall be the firſt hour after the |,n_ || 7 | 5 
Sun Rifing all the year long. ty bo. 

In like manner, if you would [x Fo. » , 
inſert the ſeventh hovr after | V , nk 
the Sun Rifug : By the Table |? VI & 
you lee, that inthe Parale/ of E VII pare} Su | 
VIE hours, tor the length of [> yo pr EE 
the Day, the ſeventh hour |E IX Sy. © 69 
from Sun Rifing is 3 in the af- | X - of bn 
ternoon ; therefore obſerve XI | + | y 
where the hour-line of 3 crol- LELCI2L 
ſeth the Para/el of VIII hours, which is at 4. Allo 


by the Table you ſee that in the Parale! of Xl hours, for 
B 2 the 
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the length of the day, the ſeventh hour from Sun-Rifing 
iS 1 in the Afternoon; whereſfore obſerve where the hour- 


line of I croſſeth the Fqainotial , which is at 6. 
Thirdly, By the Table you ce, that in the Para/el of 
XVI hours, for the length of the Day, the ſeventh hour 
from the Sun's Riſing is 11 inthe Forenoon ; and therefore 
obſerve where the hour-line of XI croſſcth the Parallel! of 
XVI hours, for the length of the day, which isat c; lo ſhall 
4 right-line,crawn through theſe three Points, a, 6, c, be the 
ſeventh hour after the Sun's Riſing throughout the year : 
And thus by help of this little Table, may all the hour-lincs 
from the Sun's Riſing be drawn as you ſee them drawn, and 
numbred, as in Fig, Ill. 

In the ſame manner, as the hours from the Sun's Riſing 
(which are tie Babyloniſh hours)were drawn, may the hours 
from the Sun's Settmg (which are the /ralzax hours) be 


drawn : The diflerence being only in the numbering of—-. 


them ; the hours from Sun-Riſing being numbred from the 

Weſt end of the Horizontal-line, by 1, 2,93, 4, 5, 6, 7,8, 9, 
10: And the hours from Sun-Setting trom the Eaſt end of 

tiie //orizental-line Lackwards, by 23; 22, 21, 20, 19, 18, 

17 -; Is, 14, 13; all which is cvident in the forenamed 
1g. II. 


COROL LART. 


 Tixe hour-lines from Sun-Riſing and Setting being de- 
{cribed upon any D:al-Plain, as 1s before taught, there will 
by their correſpondent interſeCtions one with another, be 
Points produced, through which if Lines be drawn with an 
even hand, the ſame ſhall be the Parallels of the Length of 
the Day, andſuch are the PrickeJ Lines in FigurelI[ſ, num- 
bred upon the Meridian-Line of the Dial, by 8, 9, 10, 
11,12, 13, 14, I5, 16. 


CHAP, 


LSU WEIS 5. % WR 
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CHAP. IV. 


Of the Jewiſh, or O!4 Unequal, or Planitary-hours, and {uw 
they may be inſcribed upon any Dial-Plain. 


He Ancients account of their dav, was from tie Sun's 

Riſing in the Morning, till it's Setting in the Eve- 

ning, which ſpace of time they d:d divide into twelve c- 

qual Parts, were it long or ſhort : So that in the Summer 

all that time that the Sun hath North-Declinatien, the hours 

of their day were longer then a Common equal hour ; and 

in the Winter, when the Sun hath South-Declination, the 

hours of their day were ſhorter than a common hour ; but 

when the Sun is in the Fquinodtial, their hours are equal 

to our Common hours. 

The Inſcription of theſe hour-lines intoall ſorts of Plains 

is very eaſie, being much like the Inſcription of the /talian 
and Balyloniſh hours,taught in the laſt Chapter. 


Geometrical Dialling. 
The Paral-\Equi-The Paral} Having drawn your 
Icl of 15]}1od;-lel of 9g] Dial, with hours, halfs, 
hours. al. Ars. and quarters ; and al- 
177 Mini He. Mini 1 the Equineitzal , 
| gong BY _ the two Tropicks , 
: "wa a 9 — and Horizontal Line ; 
9 


and alſo the Paral- 
lels of the length 
of the day, as is 
done in Figure VI, 
which is a South Dial 
declining Ea/tward 15 
2 2 
deg, you muſt make 
z A z -f Choice of two Paral- 
, * 5 j lels of the length of 
| MK 4 | the Day, which muſt 
be — "  bothof them be equi- 
diſtant from the Equinodtial, which let be the Parallels of 
9 hours, and 15 hours, for thoſe two Parallels are moſt 
convenient for this purpoſe ; becauſe the Fewi/h hours in 
thoſe Parallels will juſtly fall upon the even hours, halts, 
or quarters : Now the Points through which the Jewiſh 
hours are to be drawn, this Table will dire&t to; wherein 
you ſee, that the firſt Jewiſh hour is to be drawn through 
5 hours, 45 min. in the Parallel of x5 hours, through 7 in 
the Equinoctzal, and through 8 hours and 15 min. in the 
Parallel of g hours: In like manner the ſecond 
Tewiſh hour muſt be drawn through the interſection 
of the 7 hours in the Parallel of 15 hours, through 
8 in the Fquinottial, and through 9 in the Parallel 
of 9 hours: And ſo muſt all the reſt of them be dc- 
{cribed as the Table does dire, and as you ſce done in 
Figure V. And.in this manner, by help of this Table, may 
they be deſcribed in all forts of Plains, whither Direct, Re- 
clining, or Declining. 


CHAP. 


* ett Adiiteths eds” den 


R OR cw lace paces t.o4c4 
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CHAP. V. 


How the Azimuths, os Vertical Circies, are to be inſcribed 
«pon Dial Plains. 


e Azimuths are great Circles, and being Projeded 

upon all Plains, become ſtreight Lines ; and the 
are variouſly deſcribed, according as the Plain is ſituated ; 
particulars of which follow. 


SECT. I. 
Ox an Horizontal Pais. 


N theſe Plains theſe 4zimuths are moſt eaſily inſerted : 
For, your Dial being drawn, with the Tropicks and 
Azimutbs thereupon, mon, on no more to doe, then up- 
on the foot of the perpendicular Stile at O (in Figure VII) 
2s a Centre, to deſcribe a Circle, as SF, NS, which you 
may divide into 32 equal Points (beginning at N) antwe- 
ring to the 32 Points of the Mariner's Compaſs, (or 
elſe you may divide it into go equal parts, or degrees,) 
noted with XK * *, &r. and through thoſe Points draw 
ftreight Lines from O, the foot of the perpendicular Stile, 
and they ſhall be the true Azimuths upon the Horizontal 
Plain; which you may denominate by South, Sby F,SSE, 
S E by S, &c. as you fee done in Figure VII. 


SECT. 
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SECT. IT. 
7por au Freit, Direct Eaſt, or Weſt Pliin, Figare 1. 


Aving made an Faſt Dial, and therein inſerted the 
Equinoitial, the two Tropicks, and the /Yorizor- 


tal. Line, you may proceed to the Inſcription of the Azz 
muths in the manner following. 


Upon the Point E, of the /ſorizontal Line of the Plain | 


MEN, ercct the Perpendicular E Q., equal to E G, ( the 
height of the Stile of your Dial,)and upon Q, asa Centre, 
deſcribe the Quadrant Q_E L, and divide it into cight c- 
qual parts, repreſenting one quarter of the Mariner's Com- 
paſs, and from Q_, through thole Points, draw Lines to 
the /orizontal Line MEN, noting them with © © © © 
© ©, from which Points let fall Perpendiculars from the 
Florizontal Linc , and they ſhall be the Azimuths between 
thc South and the Eaſt ; —— And for thoſe Points which 
fall ketween the Faſt and the North ; namely Eby N, — 
EN E,—— N Eby N, —-= the fame diſtances being ſct 
upon the 7/orizontal Line from E, towards the Left hand, 
as the three firſt Azimuths, Eby $, — ES F,—S EbyE, 
were towards the Right hand, ſhall give tne three Points 
© © © on the Left hand of E; through which Points alſo 
Lines drawn Perpendicular to the ZZorizon, ſhall be the 
Azimuths, or Points of the Compaſs between the Eaſt and 
the North: As in the Fig. I. And as the Eat Dial contains 
the Azimuths between the South and the Faſt: The Weſt 
Dial muſt contain thoſe between the Sexth and the Weſt. 


SECT. 


; 
| 
$ 


i 
F 
| 
1 
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SECT. IIL 
7pon a direct South upright Plain. Figure [1 


He Dial, with the Equinodial, the two Tropicks, and 
the ZZorizontal Line delicribed thereon, the Azt- 
muths may be inſerted thereon as followeth : 

Firſt, Take the length of the perpendicular Stile of your 
Dial AB, and ſet it upon the Meridianof your Dial trom 
B to G. 

Secondly, With the diſtance G B, upon G, deſcribe 
the Semicircle E BF, which divide into 16 cqual parts, (if 
you will,) but I have here divided it but into 8, to ſhew 
the manner of the Work, in the Points ** * * &c. through 
which Points from G, draw obſcure lines, extending 
them till they touch the Yorizontal Line of the Plain 
CBD; now if from theſe Points of touching you draw 
lines perpendicular to the Horizontal Line between the 
Tropicks, or Parallel, to the line of 12, they ſhall be the 
Azimuths required. 


I have not drawn the lines themſelves in this Fig. 
III. becauſe the Plain is full enough of Lines 
already. 


I — — —— —_ —— 


SECT. TV, 


pon a South Declining Plain. Fig. VI. 


N Example ſhall be of a South Plain, declining 
Eaſtward 15 deg, 

Such a Dial being drawn, and the Equinottial Tropicks, 

and the Zorizontal Line inſcribed thereon : Upon the 

C Point 
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Point B of the Zſorizontal Line erect the perpendicular 
BC, equal to BO, the perpendicular Stile of your Dial ; 
upon which Point C deſcribe the Semicircle RBS ; 
which done, lay a Ruler to C, and the Point ©, where 
the hour line of 12 croſſeth the Horizontal Line,and where 
the Ruler cuts the Semz-circle RB S, at that Point begin 
to divide it into 16 equal parts, at the Points *** &. 
and from the Center C draw lines through thoſe Points, 
extending them till they touch the ZZorizontal Line 
DE, in the Points abcdefghikand/, through 
theſe Points right lines being drawn Parallel! to the Merz. 
ian, ſhall be the Azimuths deſired, which you muſt 
number according to the ſituation of the Plain : Namely, 
the Weſtern Azimuths on the Eaſt fide of the Meridian, 
and the Eaſt Azimuths on the Weſt fide of the Meridian, 
as you ſee them numbred in Fig. VI. 


————_ 


CHAP. VI. 


Flow to inſcrike the Circles of the Sun's Altitude into 
Dial-Plains. 


He Almicanters, or Circles of Altitude, in the Sphere 
have the ſame habitude to the Azimuths, or Ver- 
rical Circles, as the Parallcls of declination have to the 
Meridians, or Hour-Circles : And therefore, the Equinoc- 
tzal it ſelf, and all the Parallel» of declination in a Po- 
lar Plain, and perfe& Circles, and ſo are the Almicanters, 
or Circles of Altitude, upon an Zforizontal Plain, as in 
Fig. VII. 
Hlerizontal Plains, which lie Parallel to the Horizon, 
have the Zenith for their Poles ; ſo that for the inſcripti- 
on of them upon theſe Phains, the foot of the ——_— 


tr Stile muſt be the Centre upon which. to deſcribe 
mem, For 


- | NETS 1 ata ld. I. a a— a. * 
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For the Numeration of theſe Circles when they are 
deſcribed, there are two ways moſt in Ule ; The one by 
Degrees and Minutes of the Sun's Altitude ; the other ac- 
cording to the proportion that the height of any upright 
Objedt (as a Houſe, Steeple, &c.) bears to the ſhadow ot it: 
The laſt of which I have here followed in this Figure VII. 
where the Circles of Altitude are equal, double, triple, and 
quadruple to the Altitude of the perpendicular Stile. 

The inſcription of theſe Circles into all other Plains, 
are, in a kind, the fame with the inſcription of the Parat- 
lels of Declination : Only, whercas in inſcribing of the 
Tropicks, and other Parallels of Declination, you take the 
Hour-lines out of the Dial-Plain, and put them into 2 
Trigon ; fo inthe inſcription of theſe you muſt take the 
Azimuth Circles out of your Plain, and put them into a 
Trigon, and from thence transfer them back again to your 
Plain, as in the other : And as the Hour-lines in the other, 
mult be firſt drawn upon the Plain ; ſo in this muſt the A- 
zimuths be firſt inſcribed: And becauſe theſe Circles of 
Altitude are ſmaller Circles of the Sphere, as the Tropicks 
and Para/els of Declination were, they will upon all 
Plains (the #orizontal excepted) be Conick Setions. 


”0 
— 


CHAP. VIL 


A General and Faſie way to project Four-lines upon all 
kind of Swperficies, without any regard had to their 
ſtanding, either in reſpect of Declination, Reclination, 
or [nclination. 


I a Point be aſſigned upon any Superficies, Flat, or 
Curved, one or more, wherein the Hour-lines and 
Axis ſhall concur; how to projet the Hours to that 
Point, and to ſct up an Axis after the ordinary manner to 
C 2 give 
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give ſhadow to tl.em, without any knowledge how the 
Dial ſtandeth in reſpect either of Reclination, Declination, 
or Inclination. 

Firſt, To the Point aſſigned (upon any fide of it) 
by help of a Semi-circle, or other Level, ſtretch out 
an 7ſorizontal Thrcd, ſerving for the Zorizontal-line ; 
which linc need not be one ſingle line, but ma 
be turned at one or more Angles, provided that it 
lie (all the parts of it) totally in the Superficics of 
thc Horizon. 

Secondly , With a perpendicular thred held up, pro- 
ject the Sun into the aſſigned Point, and into the 
Horizontal thred, and ſtick in a Pin, or make a mark 
upon the ſame orizontal-line , through which the 
ſhadow cuttcth, and at the ſame inſtant allo, take the 
Sun's Altitude. 

Thirdly, By the Altitude taken find out the Sun's 
Azimuth ; this Azimuth, what ever it be, 15 repreſen- 
tcd by the mark formerly made in the 770riz0ntal-line 
or thred. 

Fourthly, Apply a Paiſt-Board to the aſſigned Point, 
and hold it flat, that it may anſwer to the /Zorizontal- 
thred alſo ; and upon this Paiſt-board protratt your z7- 
wmuth by a thred extended from the Point athgned for the 
Centre to the mark upon the 7Zorizontal thred. Which 
done, 

Fifthly, By help of that Azimuth upon the Paiſt-board 
protract the Meridian Line, obſerving the truc Coaſt, and 
quantity of the Angle trom the Azimuth; and to the Me- 
. ridian thus found , deſcribe an Zlorizontal Dial tor thc 
Place. 

Sixthily, Apply the Paiſt-board to it's place again , 
all things. ſtanding right as betore ; project all the 
Hours into the //orizontal-thred from oft the Paiſt- 
Loard, and- ſet marks upon the ſame Line; tor 
thc 
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the Points of cach ſeveral Hour , which marks may 
be little Knots to flip too and fro upon the fame 
thred. 

Seventhly, Proje&t the Meridian Point by a perpen- 
dicular Thred upon ſome Object, into that place where- 
abouts you imagine the Ax/s of the World would pals, 
above or bclow , from the Point afligned for the 
Centre. 

Eightly, With your Semi-circle, (or a String and 
Quadrant, ) elevated or depreſſed, (as it ſhall be rc- 
quired, ) trom the Point afſigned tor the Centre, ac- 
cording to your Latitude, project the Pole of tic 
World. 

Ninthly, Extend a Thred from the Point aſſigned for 
the Centre to the Poles of the World, which ſhall repre- 
lent the Axis. 

Tenthly, By the Point upon the 77orizontal Thred, 
and this Axis, ( cither by your Eye, laving the Axis 
to the Hour Points, or laying the Hour Knots to the 
Axis,) you may project all the Hours, and draw 
them :— Or clie you may let the Axis alone, and 
content your fſclf with the Pole point projected into 
the Meridian : For it from the Point aliigned to be 
the Centre, or meeting of the Hours, and Axis, 
you extend a Thred to cach Hour Point in the 7 /ort- 
zontal Line, and do repole ( with your Eyc) the fame 
Thred upon the Pole Points; then ſhall the ſhadow of 
the Thred give you that Hour-line; and do fo in all 
the reſt. 

Eleventhly, Your Thred, or Axis lying in it's truc 
ſituation , you may cafily fit an Ax1s to the fame po- 
ſture. It your Dial be delcribecl upon a plain Supcr- 
ficics, you may then (by one file of a Square, ap- 
plicd to the Thred, or Ax:s, and the other fide Tying 
upon the Plain) find out the S«//tile, and mcature trom 
it the Elevation of the Axis above tize Plauy -——— Buc 
yy 
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if the Dial be deſcribed upon a Curved Superficies, you 
muſt be content to ſet up your Axis by the direftion of 
the Thred only. 

Twelfthly, This point aſſigned for the Centre, - be- 
ing a Point of the Axis, is, as 1t were, the Apex of the 
Griomon, unto which all the Work is projeted: Burtif 
it be required to ſet up an Axis to fuch a Superticies up- 
on which the Hours and Axis will not meet in any 
tolerable manner, becauſe perhaps the Axis may be but 
of very ſmall Elevation above the Superficies, and yet 
an Axis is required, in this caſe ſet up any point (of 
W irc, or ſuch like) of ſuch diſtance from the Superficies, 
as that the Hours and Axis may be- diſtinct, and 
through that point let. it be required to make the Axis 
paſs ; you have no more to doe but only to project to this 
point as betore,by letting the ſhadow of a perpendicular thred 
paſs through that point, and noting theſame upon the Z7- 
rizontal thred, and counting that end of the Wire as your 
Centre, proceed as before ; for thethred tharlies to project 
the Hours is a pattern for the Axs. 


This Way is general, ſerving to project the Hour-lines 
upon many Superficies, be they Plainor Curved, and 
however ſituate, whether contiguous or ſeparate, and 
that without any laborious inquifition of any of their 
ſituations in reſpe& of Declination, Reclination, or 
Inclination. 


_— 


CHAP. VII. 


How from a Glaſs, THorizontally placed, to Reflect-hours upon a- 
ny Superficies Flat or Curved, one or more. 


Hi The Glaſs being placed truly Horizontal, obſerve 
the ſpot of Light that the Sun caſts, and make a 


Mark at it. 
Secondly, 


—_—_— 


Secondly, And obſerve immediately the Sun's Altitude, 
and find the Azimuth. 

Thirdly, Then extend an Horizontal thred in the ſame 
Level with the Glaſs, but within the Room. + 

Fourthly, Proje the Azimuth intothe Fforizontal thred, 
by holding up a perpendicular thred in fuch a place, that 
though it hang at Horry yeu may at once diſccrn both thc 
mark of the ſpot of Light and the Ghſs likewiſe ; and then 
obſerve where the perpendicular thred ſeems to cut the 776 
rizontal thred, par at that apparent interſetion make a 
mark upon the 7orizontal thred for the Azimuth. 

Fifthly, Apply a Paiſt-board to the Glaſs, ſo that it may 
be ſtayed upon ſome reſt, that aſter it 1s topos away it 
may be reſtored to it's place again with all exatnels : Let 
it be allo placed Horizontally, fo that it may have full re 
lation to the Zorizontal thred. 

Sixthly, At the Glaſs's Centre make a point for the 
Centre upon the Paiſt-board, and cxtending a thred from 
the Centre of the Paiſt-board to the mark of the Azimuth 
upon the Horizontal thred, draw upon the Paiſt-board that 
line which the extended thred figures out thereupon ; at- 
terwardsunto the fame Azimuth upon the Paiſt-board draw 
a Meridian line, and to it an 71orizontal-Dial; and applying 
the Paiſt-board again to it's firſt fituation, projet the hours 
thereon unto the Horizontal thred, and there make marks, 
or knots. 

Seventhly, Then project the Meridian (by a perpendicu- 
lar thred, covering, in appearance, both the Knot at 12, 
and the Glaſs) unto the contrary Coalt to that wherein 
the Pole is clevated above the Z/orizon ; that is to ſay, in 
ou Northern Climates, you muſt proje& the Meridian 
Southward from the Glaſs, becauſe the North Pole 1s eleva- 
ted : And in the Meridian, elevate your Semzi-crrcle, or EX- 
tend a thred and quadrant from the Glaſs Soutlhwards till the 
Plummet fall upon your Latitude, fo ſhall it point out, up- 


on ſome Object ſet to receive it, the North Pole m——_ 
c 
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Or elle, if this be not convenient (becauſe in Windows 
which look towards the South, the North Pole will be 
without the Room, and fo the Axis above the Glaſs cx- 
tended towards that Pole will be without alſo) you 
may in ſuch Caſes find out the oppoſite Pole to it, that 
is to iay, that Pole which the former refle&ed Axis, 
being extended through the Glaſs, and below it, would 
ſign out, and that may be effected in this manner. 


Eighthly, Project the Meridian Line towards tlic Pole 
that 1s clevated, that is with us, towards the North Pole ; 
and then (becauſe the North Pole is elevated by reſle&tion 
towards the South, ſo, by the ſame reaſon, the South Pole 
mult be depreſſed towards the North) by your Semi-circle, 
or ſtring and quadrant, dire&ted even with the Centre of 
the Glaſs, expreſs or project your Latitude downwards, (but 
towards the North,) fo ſhall the Sem+-circle, or thred, point 
out the refle&ted South Pole in the Meridian. Now, whe- 
ther you will, or can, (moſt conveniently,) uſe the reflected 
North Pole above the Glaſs, or the reflected South Pole be- 
low it, you are to take your Choice, for both the one, and 
the other of thgm do repreſent the reflected Axis of the 
World. 

Ninthly,By this refle&ted Ax7s, and the Hour points ſign- 
ed out upon the /Zorizontal thred, you may caſily Project 
the reflected Hours, upon any kind of Superficies, one or 
more, whatever they be, that ſtand in the way. 
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